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Dear Subscriber: 


There is so much “‘family feel- 
ing’’ between The Journal and its 
subscribers that we are going to ask 
your help in a family problem. 

We maintain our own subscrip- 
tion records. Every new subscrip- 
tion, renewal, change of address, 
order for back issues, inquiry and 
complaint goes through the hands 
of a staff who almost know the 
subscriber files by heart. This ts 
perhaps old-fashioned but we be- 
lieve it results in better service than 
would any impersonal, mechanized 
system. 

The natural busy time for the 
subscription department is the end 
of the year because most renewals 
start in January. This is right and 
proper. 

This is our sad story 

The peakload of the subscription 
department continues through Jan- 
uary, February, March and into 
April because of the extra work 
caused by renewals that come in 
after December 10 when the January 
mailing lists must be ready. It takes 
more than three times as much time 
and bookkeeping to take a name off 
the lists and put it back as it does 
to record a prompt renewal. It is 
also frustrating work because you 
undo on Tuesday what you did on 
Monday. 

Please send your renewal check 
early! 


Thank you 
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A HACK Development 


U. S. Pat. Nos. 2,710,461 
2,833,057 and Foreign Patents 


based on a new principle 
in footwear— 


RIPPLE® Soles are resilient shoe soles possessing 
uniquely angled ribs which reduce the shock of 
neel strike—lend buoyancy to the stride. They 
make standing and walking easier and more 


comfortable. 


Resilient cushions depress when 
stepped on, absorbing heel 
shock (cause of most foot 
fatigue). 


Energy stored in first cushion 
begins to flow into foot, 
propelling it forward 
again! 


Continuous even tread heel to 
toe, including arch. As rear- 
ward cushions bend, forward 
glide is felt. 


Multiple surfaces give sure- 
grip traction on wet slippery 
surfaces. Interspaces “air- 
cool”. 


RIPPLE SOLE CORPORATION 


503 MUTUAL BUILDING 
DETROIT 26, MICHIGAN 


* TM RIPPLE SOLE CORP. 
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| “The advantages of the operation as a primary pro- 
) cedure in the average case include early ambulation, 

reduction of complications, shorter hospital stay and 


easier nursing care. 


“My conclusion, from a very careful study of our 
femoral neck fractures treated with Vitallium prostheses 
both short and intramedullary, is that this is the treat- 

AGE—NO BARRIER ment of choice for the patients 70 years or older. Also, it 
should be used on those who may not be 70 but whose 
physiological or pathological general condition makes 
them appear 70 or older.’ 


“.. . it has frequently been our practice to utilize a 
EARLY AMBULATION prosthesis when we feel that early ambulation of the 
patient is essential to his well being and survival.’ 


Figure 1 (after Moore‘): Figures 2-5 (after Moore‘): In 1952 a ‘‘prosthesis was inserted following a high 
Specimen removed at iy subcapital fracture of the neck of the femur. She has walked without support 
autopsy one year after y since two days after surgery. She climbs stairs, does her housework, walks 


operation. Note bone 
grafts in fenestrations 
and areas of greater den- ; 
sity around prosthesis. 4 
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“There have been no fractures of the bone in applying 
the prosthesis, and no dislocations of the hip have 
occurred during the operation. Apparently Vitallium 
is inert in tissues, and it is possible that the prosthesis 
may last indefinitely . . . this prosthesis appears to 
become a part of the femur and to carry the normal 
stress load of weight-bearing with minimal degenerative 
changes and with minimal pain.’’4 


NO COMPLICATIONS 


‘‘We have done a considerable number of these cases 
[non-union or aseptic necrosis} and have been very 
gratified with the results in them . . . A most important 

PAIN RELIEF consideration is that their pain has been relieved to a 
large extent . . . Age per se is not a contraindication to 
surgery and a patient who is only a reasonably good risk 
is a satisfactory candidate for this operation.’’ 


INDICATIONS: Acute Unstable Fractures (Pauwels’ Cl. III) ... Acute Fractures in 
the Aged .. . Ununited Fractures (Long-Term) .. . Delayed Non-Union.. . Patho- 


logical Fractures . . . Aseptic Necrosis . . . Avascular Necrosis . . . Osteoarthritis 
... Bilateral Ankylosis . . . Salvage. 


References: 


1. Savastano, A. A. et al.: 

Rhode Island M. J. 

41:425, 1958. 2. Thorson, 

J. E. M.: Orthopedics 

1:122, 1959. 3. Beegel, P. 

M.: J. Maine M. A. 

49:86, 1958. 4. Moore, 

A. T.: J. Bone & Joint 

Surg. 39A:811, 1957. 5. 

Breck, L. W.: South- 

western Med. 35:207, 

rapidly with no limp or pain. Overexercise produces some pain. She has full 1954. 6. Breck, L.. W. et 
normal function of the hip and says that she ‘cannot tell one hip from the other.’ ”’ al: Clin. Orthop. No. 12, 


p. 183, 1968. 
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a salvage procedure it is excellent. ..It is our impression that, 
generally speaking, the good types of hip prostheses now avail- 
able are not being used freely enough by orthopaedic surgeons.’” 


Look for the name 
VITALLIUM on 
every appliance and 
prosthesis . . . it is 
your assurance of 
surgical excellence. 


From the beginning of the development of femoral head replacements, 
Austenal Company has worked in complete accord with surgeon-de- 
signers in a combined endeavor to offer the profession the optimum 


quality in hip prostheses. 


AUSTENAL COMPANY ucts 


DIVISION OF HOWE SOUND COMPANY 
EAST 39TH STREET 


224 
NEW YORK 


NEW YORK 16, 


| 
j 
4 
| 
| 
} 
| 
: 
: 
} 
: | 
| 
] 
4 
| 
Piss 
| 
| 
Ay ‘74 


CAMP CERVICAL COLLARS 


Easy-to-use and Therapeutically Effective 


CAMP THOMAS COLLARS 


The plastic Camp Thomas Hyperextension collar 
is non-toxic, washable and lightweight . . . ideal 
as an intermediate cervical support where pro- 
longed hyperextension is indicated in treatment 
of the cervical syndrome, subluxations, arthritis 
and cervical radiculitis injuries. Fitted with a 
lock buckle and snap button clasp .. . it is eas- 
ily adjustable and allows partial lateral head 
movement. 

The base and top of the collar is edged with 
naugalite covered foam rubber for comfort and 
long, serviceable wear. Available in five circum- 
ferences and heights. 

The Camp Thomas Flexion Collar has the same 
scientific design and is made of the same ma- 
terials. The low front and added height in the 
back place the spine in a restful position of modi- 
fied flexion. Available in small and large circum- 
ferences and in three heights. 


All are available from your local 
Authorized Camp Surgical Supply Dealer. 


S.H. CAMP and COMPANY 
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CAMP LEWIN COLLARS 


Doctors have found the Camp Lewin wrap-around 
cotton collar exerts the protective, compressive, 
distractive force needed for many conditions: 
when taking roentgenograms in cases of acute 
injuries with or without deformity, rheumatoid 
myositis (fibrositis), brachial neuropathy radicu- 
litis, the neck-shoulder-hand syndrome, muscle 
injuries and subluxations of vertebral articular 
facets and as a first aid measure. It offers (1) 
prevention of further injury (2) air draft protec- 
tion (3) body heat retention (4) comfort (5) mild 
traction. Because of its utility and efficiency, par- 
ticularly in emergencies, many doctors’ offices are 
stocked with Camp Lewin Collars. Three sizes — 
small 66’, medium 78", lcerge 96”. 


Another model, providing slightly more rigidity, 
is made of 4s" thick foam rubber, vulcanized to 
rayon satin with soft cotton lining. Available in 
the same sizes as the cotton model. 


Jackson, Michigan 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 
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OSTIC gives you something better 
in a plaster bandage 


LL-DAY, EVERYDAY 


You can feel the difference immediately 
—OSTIC is creamy, gentle, never gritty 


Strong, fast and precise, this is the all-around, easy-to-use 
bandage so popular in teaching centers. It delivers at least 
97°, of the original plaster to the cast because of the insep- 
arable bonding of plaster and starch-free crinoline. Avail- 
able in two settings of Fast (5 to 9 min.) and Extra-Fast 
(2 to 5 min.). 

Ostic plaster casts stand up under all kinds of wear. 
Even with the more unusual fractures, as well as rambunc- 
tious little patients. And Ostic is consistent. Every time 
you open that waterproof package you know you're going 
to get the same good results you had with the last one. 


For strength that meets every need, and creaminess that 
is kind to your hands all day, rely on OSTIC Plaster 
Bandages. 


Ostic comes in individual 
airtight packages which prevent 
pre-setting. Plaster stays 


/ 


PLASTER BANDAGES 


/ 
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SCIENTIFIC CONSTRUCTION 


Alden-Pedic lasts and shoes are scientifically de- 
signed to fit the individual foot shape and at the 
same time accommodate your prescribed correc- 
tions and insertions without sacrificing any fitting 
qualities. Alden-Pedic shoes are basic prescription 
shoes. We do not manufacture a pre-corrected 
or commercial health shoe. 

Orthopedic surgeons familiar with the Alden-Pedic 
program have achieved most satisfactory results 
in recommending our shoes. 

Write us today for our new illustrated brochure 
of Alden-Pedic styles for men and boys and our 
new “Progress Report on Shoe and Last Design”. 


C.H. ALDEN SHOE COMPANY 


Developed through 


our modern re- | 


search program 


* Long inside counter 


Right and left ortho 


heels, long inside 


* Heavy gauge right 
and left ribbed steel 
shank. 


* New “Depth Design” 
accommodates pre- 
scribed corrections 


FOR BOOKLET 
AND NAME OF 
NEAREST DEALER 


| Custom Bectmakers 1884 


BROCKTON, MASSACHUSETTS 
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effective in 


of 1570 patients with 


LOW BACK PAIN 


(LUMBAGO, SACROILIAC DISORDERS) 


effective 


Dosage: | or 2 Caplets® of 100 mg. orally 
three or four times daily. Relief of symptoms 
occurs in from fifteen to thirty minutes and 
lasts from four to six hours. 

Supplied: Tramcopal Caplets (scored) 
100 mg., bottles of 100. 


INDICATIONS 


Musculoskeletal 


Low back pain (lumbago) / Disc syndrome / 
Neck pain (torticollis) / Fibrositis / 
Bursitis / Ankle sprain, tennis elbow / 
Rheumatoid arthritis / Myositis / 
Osteoarthritis / Postoperative muscle spasm 
Psychogenic 

Dysmenorrhea / Angina pectoris / 

Anxiety and tension states / Asthma / 


Premenstrual tension / Alcoholism 


Collective Study, 
LABORATORIES 
dical Research 


inthrop Laboratories 


New York 18, N. Y. 


of 443 patients with 


DYSMENORRHEA 


AND PREMENSTRUAL TENSION 
Clinical studies of over 4400 
patients 105 physicians' proved 
Trancopal remarkably off 
in conditic 


anxiety ‘and tension states — 


the first true tranquilaxant* 
rancopal 


Potent MUSCLE RELAXANT 
. Equally effective as a TRANQUILIZER 


*tran-qui-lax-ant [< L. rranguillus, 
quiet; L. laxare, to loosen, as the muscles) 
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not even /NVISIBLE defects get by Zimm 


jefore any Zimmer orthopedic appliance 
leaves the factory, it gets a “Zyglo-Pentrex” 
bath. 

Designed to reveal surface flaws not visible 
to the eye, the Zyglo inspection is a two-step 
process: 1) the appliance is immersed in the 
chemically treated solution, and 2) then examin- 
ed under “black light”. Particles of the solution 
will adhere to invisible surface flaws and de- 
fects ... and show up under the light. Result: 
not even invisible defects get by Zimmer in- 
spection team. And you get one more extra 


ZIMMER MANUFACTURING CO. - WARSAW, INDIANA, U.S.\ 


assurance that your implant appliances 
give completely dependable service. 

At Zimmer, testing and inspection go h 
in hand throughout the whole manufactu 
process. In addition to the Zyglo bath, an ay 
ance is subjected to fatigue, performa 
stress, strain, balance, heat rise, insulat 
sharpness, alignment and finish tests. 

Such precise quality control is one re: 
that the Zimmer name has become a warr; 
of excellence . .. and the reason you ca 
sure Zimmer appliances add “extra” 
guards to your surgery. 


zimmer 


LOOK FOR THE TRADEMARK (Zz) 


Lis 


JEWETT PLATE 
AND WAIL 
COMBINATION 
NO. 472 


MODIFIED HAGIE PIN NO. 516 


KNOWLES PIN NO. 281-A 


ZIMMER MANUFACTURING CO. - WARSAW, INDIANA, U.S.A. 


appliances for orthopedic surgery 
a) SMITH-PETERSEN NAIL NO. 96 

4 | | LORENZO SCREW NO. 970 

HIP SCREW NO. 259 

4 

| ZIMMER TIBIA BOLT NO, 463 
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BOWEN FRACTURE APPLIANCES — 
GREAT AIDS TO BETTER SURGERY 


LEG EXERCISER 
SETS 


Designed to assist in passive abduction after 
cup arthroplasty, rehabilitation of para- 
plegics, and many other cases requiring 
weight controlled exercises. 


© Rigid Construction—Relatively Light in Weight 
© Moves Freely on Ball Bearings in All Directi 

© Protractor Adjustment for Foot Angle Control 

© Weight Attaching Eyes at Diff. Levels 

© Foot and Heel of Exerciser Covered with Foam 

Rui 

© Exercising Board 14” x 48”, Hinged at Center 
and Angied to Approximate the Arc Scribed 
by the Legs 


PENDULUM 
EXERCISER | 


Te Prevent Frozen Shovidcr 


An excellent means to RE | ‘ 
PAIN of the shoulder girdle / 


by traction in order to Ss F 
a increase the ARC OF Efficient Method of Exercising To Prevent Frezen 
MOTION of the scapulo- for Shoulder—Joint Injuries Shoulder 


humero! joint. 


The compact size of the Pendulum Exerciser will make it possible to increase 
the arc of motion without hitting the leg of the patient. 


GONIOMETER — 
Pocket Size 
Anodized Aluminum 


ANGLE DRILL ATTACHMENT fexitity cllowing compete 


For Luck Bone Saw and Stryker Drill angle determination in degrees. 
Produced from aluminum, anodized 
Designed Especially for the Bankhart Operation ond dyed block, with white-leod- 
Excellent for bone surgery at difficult angles and in re- filled dial and indications permitting 


full penetration of radiation and 
ting burrs. Rigidly constructed, light in weight. Entire unit 


may be sterilized. Two % inch diameter High Speed for consultations ond computations. 


Drills supplied with each attachment. 
BOWEN & COMPANY 


stricted areas requiring use of drills, curetting burrs, slot- 


Easily attached to Jacobs chuck with key. 


INC. 
A hole in the end of the drill bit is provided so that the 
suture can be threaded and pulled through with the ex- P. O. Box 5818 
traction of the drill. BETHESDA, MARYLAND 
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DETACHABLE 
DENIS BROWNE NIGHT SPLINT 


STREAMLINED and IMPROVED 


. Precision die cast Serrated Discs permit 50 
positions. 


2. New Knurled Screw locks discs in position. 


3. New Triple Flange fits club foot shoes or 
any sole thickness. 


4. Streamlined Wing Screw secures flange to 
shoe sole. 


5. Durable, attractive red alumilite color on 
bars. 


6. Lengths 6, 7, 8, 9, 10, 12, 14, 16 and 18 
inches. Special lengths to 30 inches at no 
extra cost. 


ORTHOPEDIC SURGEONS recognize the de- 
cided advancements this versatile splint affords 
in treating club feet, positional deformities, 
tibial torsions, flat feet and congenital hip dis- 
locations. Also applicable for any other de- 
formities that are actively corrected by inces- 
sant kicking. 


Very little adjustment by surgeon or orthotist 
is required to fit and position this new Fillauer 
Detachable Splint. 


Pre-walker or larger surgical and club foot shoes 
work extremely well with the Fillauer Splint. Out- 
grown shoes may be used by cutting out toes. 


SURGIC SUPPLIES, INC. a 
CHATTANOOGA, TENN. 
of Orthopedic 
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mind and muscle 


in skeleta/l-muscle disabilities... 


for whole-patient response in spasm, 


Of all muscle relaxants in current use, only 
meprobamate is supported by hundreds of 
clinical studies that demonstrate relaxing ac- 
tion on both brain and skeletal musculature. 
This is why EQUANIL stands as the obvious 
choice of many physicians concerned with 
whole-patient response. EQUANIL reduces mus- 
cular spasm and tension, aids in the restoration 
of mobility, speeds rehabilitation, lessens the 
emotional overlay.'* Its margin of safety is 
shared by few agents in medical practice. 

1. Mitchell, E.H.: M. Ann. District of Columbia 27:190 
(April) 1958. 2. Cooper, C.D., and Epstein, J.H.: Am. J. 
M. Se. 235:448 (April) 1958. 3. Vazuka, F.A.: Neurology 
8:446 (June) 1958. 4. Cobey, M.C.: Am. Surgeon 24:350 


(April) 1958. 5, 6. Wein, A.B.: M. Ann. District of Co- 
lumbia 27:346 (July) 1958; Clin. Med. 6:44 (Jan.) 1959. 


Meprobamate, Wyeth 
Wyeth 


Philadelphia 1, Pa 


... Specific central action 
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Partial indications—spasm 
or tension secondary to: 
sprains, strains, contractures 
fibrositis, myositis 
low-back syndrome 
whiplash injury 
frozen shoulder 
cervical-rib syndrome 
herniated 
intervertebral disk 
wryneck 
rheumatoid ‘av 
arthritis 
rheumatoid or traumatic 
spondylitis 
certain neuromuscular 
disorders 


... specific muscular action 
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in your hospitalized patient 


Compazine* offers 


4 beneficial effects 


e relieves anxiety and tension 


e controls nausea 
stops postoperative vomiting 
* cases emotional stress that may aggravate pain and other 
psychosomatic symptoms 
Also, hypotension is minimal and infrequent—a particular advantage 
in surgical patients. 
For immediate effect: Ampuls and Multiple dose vials. 
Also available: Tablets, Spansule? sustained release capsules, 
t Suppositories and Syrup. 


WG) SMITH KLINE & FRENCH LABORATORIES 


*T.M. Reg. U.S. Pat. Off. for prochlorperazine, $.K.F 
| T.M. Reg. U.S. Pat. Off. 
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even if 
your 


isa 


won t mi once «he’s on prescribe PARAFON in low back pain 


pains 


D ye Pa PARAFON tablet contains: 
PaRAFLex® Chlorzoxazonet .. 125 mg. 
specie for skeletal muggle spasm 
Ty LENOL® Acetaminoy phen . 300 mg. 


TytENo The analgesic prefe 
musculoske pain 


plas analy sia Supplic Tablets, scored, pink, bottles 


Each with PREDNISOLONE 
tablet contains: PARAFLEX ® Chlorzoxa- 
ronet 125 mg., Acetamino- 
phen 300 mg., and prednisolone 1.0 mg. 


36 ‘Tablets, scored, buff colored, 
Dosage: One too tablet three or four 


times de day. 
Precautions: The precautions and con-| 
traindications that apply to all steroids — 
should be kept in mind when prescrib- 
ing: >REDNISOLONE. 


{ s. Patent Pending 


| 

al 

— 
Patient 

surveyor, to non-engineers 

hi 
Ne 
PARAFLEXt 

Dosage: ‘Iwo ets three or four times, 
and in arthritis 

with Prednisolone 

DEE 

‘tories. Inc ¢ Phil 92. Pa “Trade-mark 
4 


NEW... trom Orthopedic 
12 SMO SMITH-PETERSEN NAILS 


STAINLESS STEEL BASE 


Pinning a hip? Then you 
need this Smith-Petersen Nail 
Assortment... 12 nails in a 
full range of sizes (3” to 6”) 
plus three No. 415 Nail Ex- 
tensions . . . all on a com- 
pact 3” x 6” stainless steel 
base especially designed for 


easy autoclaving. Nails are 
fully cannulated, Style No. 


96, to receive 35,’ guide pin 


and are turnished with deep 
serrated heads. 


COMPLETE | 
PACKAGE 
(as illustrated) 


Order now, from your surgical dealer! nad $100.00 


Drihopedic 


SPLINTS FRACTURE EQUIPMENT - BONE INSTRUMENTS 
eeWICMM SMO INTERNAL BONE APPLIANCES - ORTHOPEDIC SUPPLIES 


and Germany 
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MODEL 101 AD 


12° angle requires 15” floor space. Each 
section adjustable in height from 17” to 
Width adjustment 18” between high PORTABLE PARALLEL BARS—No pi ; 
pins to insert 
and low ———s ee by a adjustable by hand crank through worm and gear. 
handle. 14 et as Bars mounted on platform fitted with 2 sets handrails ad- 
— t. ‘ justable in height from 16” to 40” by hand crank. Distance 
between rails is 24” for upper rails, 19” for lower rails. 
Platform has slight incline at each end fitted with detachable 
abduction board. Platform finished in natural wood, handrails 
finished in Atactic bronze. 

Bars require only one person to adjust and may be adjusted 
by patient from wheelchair. NO PINS to INSERT—worm gears 
automatically lock bars from moving up or down at any stopped 
position. Model 175—10 ft. bars $350.00 
Upper handrails available in hardwood, no extra cost when 
specified with order. 


ALL PRICES 
FOB 
COLUMBIA, 
Model 301 W—10° 
Requires 12” floor space. Each section 
adjustable in height from 22” to 44”. 
Width adjustment 14” between high and CATALOG 
low positions. 
Operated by counter-balanced handle. 
10-12 feet $295.00 
14-16-20 feet $395.00 TELESCOPIC MODEL (404) 
Mounted on platform. Telescopic height adjustment from 22” 
to 38”. Platform has slight incline at each end, detachable 
abduction board, platform finished in natural wood. Hand- 
rails are hardwood, natural finish. Uprights Mellotone grey. 
MODEL 404, 10 feet $175.00 
MODEL 410 (as above with 2 pair handrails) $195.00 


PORTABLE FOLDING PARALLEL BARS (Model 4400-P) 


Telescopic height adjustment from 21” to 38”. Requires 
only 8” floor space when not in use. $98.50 


La Berne MANUFACTURING COMPANY 


PO Box 5245 Columbia, S. C. Phone SU 7-6162 


Originators of the “WALK-OFF” Physical Therapy table 
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J BA. 
tertiary-buty! Merck) 


for relief that lasts —longer 


relieves d it Tennis elbow 


Dosage: the usual intra-articular, 
intra-bursal or soft tissue dose 
ranges from 20 to 30 mg. depend 
ing on location and extent of 
pathology 

Supplied. Suspension 
r.#.4.-20 mg./ce. of predniso- 
lone tertiary-butylacetate. in 


5-cc. vials 


MERCK SHARP & DOHME 
DIVISION OF MERCK @CO., INC. 
PHILADELPHIA 1, PA. 


Duration of relief 
exceeds that 
provided by any 
other steroid 
ester 


(6 days—37.5 mg.) 


(8 days—20 mg.) 


HYDELTRA-T.BA. 


(13.2 days—20 mg.) 
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NATURAL APPEARANCE RESTORED, 
POSTURE AND BODY BALANCE IMPROVED 


INA Spencer 


Spencer's Individual Designing Service enables you to 
prescribe for the total support requirements of the post- 
mastectomy patient. 
This patient's breast form was created especially for her 
in the precise size and shape* needed to restore natural 
appearance. 
Her brassiere (with pocket scientifically designed to hold 
form in place) was made to her natural measurements. 
A body support was designed individually to .. . 
e Support a distressed lumbar curve and reduce 
lordosis. 
Provide healthful abdominal elevation. 
Help maintain body balance and guard against 
the postural abnormalities that frequently follow 
breast surgery. 


*Spencer forms may be 
designed to any shape or 
thickness to compensate 
for the most radical surg- 
ical procedures. 


SPENCER, INCCRPORATED | 
Spencer's Individual Designing Service is | 19 Ellsworth Ave., New Haven 7, Conn. I 
Canada: § , Ltd., Rock Island, Queb 

available to you through Corsetieres spe- 
| England: Spencer, Ltd., Banbury, Oxon | 

cially trained to help you help your patients. jo Send me the name of the nearest Spencer Corsetiere. | 
| C] | would like an office demonstration of Spencer bene- ] 

fits and features. 

® ] Address | 
individually designed supports 
for women, men and children 4 7-59 | 
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The setting of the splint on the shoe is made easy by a protractor that is 
stamped on the sole of each shoe. 


EMBOSSED PROTRACTOR STAMPED ON SOLES 


The brace has a matching serrated disc and smooth knurled nut that 
screws into the disc in the sole of the shoe, holding it firmly in the position 
the doctor desires. 

This smoother brace has no protruding arms or edges to cut or tear bed 
clothing. 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 


EQUINO-VARUS 


TRADE MARK 


ONVERTIB 


BRACE SHOE 


Sabel introduces a newer, 
cleaner, simpler brace and shoe 
combination that simplifies the 
prescribing of corrective foot- 
wear by the doctor, for all time. 
The shoe features the Roto-Lok 
insert, a built-in serrated disc 
that is attached to the sturdy 
steel shank . . . no abrasive or 
scratching action. It’s the per- 
fect night... and day shoe... 
with or without the brace. Saves 
an extra pair of shoes. 


BUILT-IN ROTO-LOK INSERT 


R. J. POTVIN SHOE CO., BROCKTON, MASS. 
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SUSAN’S IDEA TOOK THE WAIT 
OUT OF THE WAITING ROOM 


She kept complaining about 
my old x-ray machine — said zg 
she could accomplish more if 
only she had that new G-E unit ™ . 
I'd talked about. She’d have 
fewer retakes too— most of 


them were caused by the long 
exposures necessary with low 
power. 

From the day my new Patri- 
cian combination arrived I'm 


sure Susan felt her persistence 
had turned the trick. (And you 
know — she is working faster 
today!) 


Patrician speeds X-ray examinations 


... and for such modest cost 


You'll find your work load lighter with Patri- 
cian’s big-table convenience. Best news is 200- 
ma, 100-kvp power, electronically timed. Self- 
tending recipromatic Bucky. Finger-tip control 
of fluoroscopic screen or optional spot-film de- 
vice. Angulation to 15° Trendelenburg. Auto- 


matic Bucky-slot closures for x-ray safety. Ask 
your G-E x-ray representative for full details. 
Or clip coupon for a copy of 

our fully illustrated catalog. 


X-RAY DEPARTMENT 


GENERAL ELECTRIC CO. 
Milwaukee 1, Wisconsin, Rm. CF.71 


[] Please send me your 16-page PATRICIAN bulletin 
[ ] Facts about deferred payment 


Progress /s Our Most Important Product MAXISERVICE rental 
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he runs 
and plays 
again!” 


Hanger Prosthetic Appliances 
have brightened the present 
and the future for many am- 
putees. For example, Weaver 
Nolt says: “‘My son, Lloyd, 
was a pathetic figure in a big 
hospital bed after his legs were 
amputated because of an acci- 
dent. Today it’s a big and 
wonderful world again as he 
gets along so wonderfully on 
his Hanger Legs. He walks 
without any help, and runs 
and pushes his wagon all over the farm. That other day is just a hazy mem- 


ory, and we are so pleased things are so different than we expected.” 


AVAILABLE AT AUTHORIZED FACILITIES IN THE FOLLOWING CITIES: 


Eastern Region: Central Region: Midwestern Region: 
BALTIMORE 1, MD. COLUMBUS 8, OHIO PITTSBURGH 1, PA. CHICAGO 5, ILL. 
BOSTON 15, MASS. JOHNSTOWN, PA. CINCINNATI 29, OHIO 
CHARLESTON 2, W. VA. DALLAS 1, TEXAS 
NEW YORK 11, N. Y. Southeastern Region: EVANSVILLE, IND. 
PHILADELPHIA 7, PA, ATLANTA 9, GA. MONTGOMERY, ALA. 
RALEIGH, N. C. BIRMINGHAM 1, ALA. NASHVILLE 5, TENN. INDIANAPOLIS 2, IND. 

, COLUMBIA 5, S. C. NEW ORLEANS 19, LA. OKLAHOMA CITY 3, OKLA. 
JACKSONVILLE, FLA. PEORIA 4, ILL. 
ROANOKE 12, VA. MIAMI 37, FLA. TAMPA 2, FLA. ST. LOUIS 66, MO. 


WASHINGTON 13, D. C. MOBILE, ALA. WEST PALM BEACH, FLA. WICHITA, KANS. 
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; How many patients today 
4 complained about pain? 


non-narcotic—pain relief equivalent 
to that of codeine 


well tolerated in both acute and 
prolonged use 

wide range of indications—general 
practice and the specialties 


analgesia plus anti-inflammatory Myeth 
action 
Supplied: Tablets, bottles of 48. Each tablet 
contains 75 mg. of ethoheptazine citrate and 


325 mg. (5 grains) of acetylsalicylic acid. 


: remember Zactiri 


Ethoheptazine Citrate with Acetylsalicylic Acid, Wyeth 
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The NEW 
DUAL 
PURPOSE 


X 3" 
PAD 


Three-ply, fine-mesh 

gauze, lightly impregnated — 
for use in physician's 

office, industrial medical 
department, first aid. 


VASELINE ---- 
TUM GAUZE U.S. P. 
STERILE 


Shorter length ends waste 
on small area wounds. New Z-fold 
insures perfect graft takes. 
Guaranteed sterile at time of use. 


Gth SIZE 


PETROLATUM GAUZE 


Now supplied in: 1/2"x 72” 3" 18” 
1’x 36” 3x 36” 
3x 3’/ 3x 9” 6"x 36” 

Sole Maker: 

CHESEBROUGH-POND’S INC. 


Professional Products Division 
New York 17, N. Y. 


VASELINE is @ registered trademark of Chesebrough-Pond's Inc. 


if Fine Mash Absorbent Goure (44 36) 
UNOPENED ENVELOPE MAY BE AUTOCLAVED OR COLD-SOAKED 
{ 
| 
| 
: 


without 
depressing 
vital 

functions 


relieves tension and anxiety 


helps provide “a good night's sleep” 


@ facilitates early ambulation 


gw relaxes skeletal muscle 


Miltown has no adverse effects on cardiovas- 


cular, respiratory Or gastrointestinal func- 


tions and causes no depressive “hang-over” 


meprobamate (Wallace) 


Miltown is available in 4oo mg. scored and 200 mg. 


sugar-coated tablets; bottles of 50. 


WALLACE LABORATORIES 
WZ New Brunswick, N. J. 
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Relieves Pre-op Apprehension 
Aids Post-op Management 


Reprints available on request: 


1. Kern, E. C.: Preoperative seda- 
tion with meprobamate (Milltown) 
in surgery of eye, ear, nose and 
throat. Eve, Ear, Nose & Throat 
Month. 36:408, July 1957. 

2. Lamphier, T. A.: The value of 
meprobamate preoperatively. 
Maryland M.J. 7:627, Nov. 1958. 
3. Lamphier, T. A.: Meprobamate 
—an important adjunct to 
post-operative surgical care. 

J. Maine M.A. 48&:457, Oct. 1957. 

4. Lamphier, T. A.: The role of 
meprobamate in postoperative 
surgical care. Ann. New York Acad. 
Sc. 67:810, May g, 1957- 

5. Rushia, E. L.: Preliminary 
report on the use of meprobamate 
for pre-anesthetic sedation. 

J.M.A. Georgia 46:93, March 1957. 
6. Sadove, M. S. and Schiffrin, M. J.: 
‘Tranquilizers in surgery, in Surg. 
Clin. North America, Saunders, 
Philadelphia, Feb. 1959, pp. 231-244. 
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Lock the Goue with Dynamics 


Summary of Basic TEcHNIcs* 


® 


PAT. NO. 2.579.968 


COMPLEX ANKLE FRACTURE 


The pins here were straight when driven. Curves were produced by intraosseous pressures to give 
stable fixation without need for external splinting. 


SINGLE PIN 


Indicated when both fragments have substantial length. 
STRAIGHT PIN: Areas indicated in black. 


CURVED PIN: Shafts of humerus, femur and tibia. Resists muscle 
angulating force by three point pressure. 


“Ss Humerus Shaft Femur Shaft Tibia Shaft 


\ 


* Rush, Leslie V.. Fracture Problems, Mississippi Doctor, Vol. 36, No. 5:115-118, Oct., 1958. 
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DOUBLE PINS 


SIMILAR ANATOMIC AREAS 


C 


COMMINUTED FRACTURES 


Similar Problems: Closed pinning best. Rela- 
tively good bone length can be maintained. 


MODERATE 
STRONG 
DYNAMIC 
FORCES 


STRESS RELIEVE HEADS 
OF PINS BEFORE DRIVING 
HOME. 


Pin inserted through end of bone exerts no dynamic force. Stress relief not necessary. 


Pin inserted through side of bone is forced into curve. Result: Strong dynamic force with three 
point pressure. Head of pin can sink into bone unless stress relieved. 


WRITE FoR INFORMATION /THE BERIVON 


RUSH MEDULLARY PINS AND INSTRUMENTS 


TLAS OF PRUSH PIN, TECHNICS 
by LESLIE V. RUSH, M. D. MERIDIAN, Miss. 
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A fitting service 


you can prescribe, 


with confidence... 


Your Truform anatomical supports dealer is an 


expertly trained and skilled technician. 


When you prescribe Truform you can count on 
him, and his staff, to select and fit the right item to 


provide effective support or effective fixation. 


Training at factory schools and in refresher 
courses assures this: accurate fitting of quality Tru- 
form supports, to provide the maximum therapeutic 


effect consistent with comfort. 


Truform anatomical supports are available only from 
the Ethical Appliance Dealer. 


Three pull straps control 
traction in this Model 430-EHS 
lumbo-sacral support... 

two rigid steels 


anatomical supports 


3960 Rosslyn Drive, Cincinnati 9, Ohio 
Branches: New York and San Francisco 
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for all 


patients 
starting 
on corticoids 


Kenacort safely starts your patients 

-off right — with all the benefits of 
systemic corticosteroid therapy and 

few side effects to worry about. 
Increased corticoid activity is provided 
on a low dosage schedule’? without 
edema,' psychic stimulation,!3 

or adverse effect on blood pressure.!-3.5 
A low sodium diet is not necessary.*.5 
Gastrointestinal disturbances are 
negligible4.5 with less chance of peptic 
ulcer.4 This makes Kenacort particularly 
valuable in treating your “problem 
patients” — such as the obese or 
hypertensive and the emotionally disturbed. 


REFERENCES: - 1. Freyberg, R. H.; Berntsen, 
C. A., Jr., and Hellman, L: Arth. & Rheum. 
1:215 (June) 1958. + 2. Sherwood, H., and 
Cooke, 8. A.: J. Allergy 28:97 (March) 1957 

+ 3. Shelley, W.B.; Harun, J.S., and Pilisbury, 
D. M.; J.A.M.A. 167-959 (June 21) 1958. 

+ 4. Dubois, E.L.; California Med. 89:195 
(Sept.) 1958. 5. Hartung, E.F.: 
167-973 (June 21) 1958. 
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SQUIBB TRIAMCINOLONE 


“for all your 


arthritis 
patients 
requiring 
corticoids 


Kenacort, particularly in the treatment 
of your arthritic patients, has proved 
effective where other steroids have failed. 
It provides prompt, safe relief of pain, 
stiffness and swelling by suppressing the 
rheumatic process!.° — and may even 
forestall crippling deformities if 

started soon enough. Because of its 
low dosage!-3 and relative freedom 

from untoward reactions,’ Kenacort 
provides corticosteroid benefits to many 
patients who until now have been 
difficult to control. It is particularly 
valuable for arthritic patients with 
hypertension, cardiac disease, obesity 
and those prone to psychic disturbances. 


SUPPLIED: 

Scored tablets of 1 mg. — Bottles of 50 

Scored tablets of 2 mg. — Bottles of 50 

Scored tablets of 4 mg. — Bottles of 30 and 100 
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SMO 
STAINLESS 
STEEL 


{ | CROSS SECTION 


XX This trade mark is your guaran- 
tee of the utmost in quality and 
workmanship. The Street Square 
Forearm Pins for Radius or Ulna 
are SMO stainless steel—spring 
tempered to a special rockwell 
hardness. They are available in 
seven lengths from 8” through 
11” in 4” increments. Diameters 
are 3.1 mm, 4.0 mm, 4.5 mm, 
with a choice of blunt or self- 
broaching points. Both styles are 
threaded one end only. 


STAINLESS STEEL REAMER DRILLS 


are especially designed for use with 
these pins. They are accurately sized 
for easiest insertion and maximum hold- 
ing power of each diameter pin. 


DRIVER-EXTRACTORS 


of special design for use with 
Street Square Forearm Pins. 


880-882 ADAMS AVENUE 


WRIGHT MANUFACTURING COMPANY MEMPHIS 3, TENNESSEE 


4 Write for NEW CATALOGUE to Dept. C-1 


STREET 
| 
| ie 
q 
| 
| 
; 


“Deformity in rheumatoid arthritis 


develops in two stages. ‘he most 
obvious is joint destruction. 


But even earlier... 
muscle spasm...has insidiously 


started to lead to deformity.” 


in rheumatoid arthritis... 


with PREDNISOLONE 


provides spasmolytic, 
anti-inflammatory, and 


analgesic action 


dosage: One to two tablets three or four times a day. 
supplied: Tablets, scored, bull colored, bottles 
ol 36. Each tablet contains PARAFLEX" Chlorzoxazonet 
125 mg.; TyLENoL® Acetaminophen 300 mg.; and 
Prednisolone 1.0 mg. 
precautions: The precautions and contraindications 
that apply to all steroids should be kept in mind 
when prescribing PARAFON WITH PREDNISOLONE. 


1. Swanson, J. N.: Canad. M. A. J. 79:638 (Oct. 15) 1958. 


McNett Lasoratrories, ING PHILADELPHIA 32, Pa, 


lrade-mark Patent Pending 265459 
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No. 378 


Available with aluminum 
handle or stainless steel 
handle. Write for complete 
information and prices. Re- 
serve your copy of the NEW 
196 PAGE DEPUY CATALOG! 


SINCE 1895 
STANDARD OF 
QUALITY 


"Master Screw Driver, which is considered to — 
the most popular bone screw driver in 
actured with a removable outer casing, 
or sleeve. This means faster dismantling — 
_and-easier cleaning. . . Minimizes repairs. 
— “features and high 

s of remain the same. 


CASING 

MEANS FASTER, 
EASIER 

CLEANING! 


DEPUY MANUFACTURING CO., INC. 


WARSAW, INDIANA 
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FOR 
ORTHOPEDIC 
APPLICATIONS 


For 68 years Freeman has worked closely 
with orthopedic surgeons to design surgical 
garments that provide correct support. 
Each garment is made by skilled craftsmen 
using the finest materials available. 


There’s a quality Freeman support for 
most every application. You can be certain 
MODEL 423 
that the garment you select will carry 
Sacro-Lumbar Back 
Support for Women out your prescription to the best possible 
satisfaction of you and your patient. 


Freeman corset-type back supports provide 
bracing in any desired degree to 

almost complete immobilization. Special 
construction features assure comfort 

for the wearer in sitting, standing and 
reclining positions. 


FREEMAN QUALITY FEATURES 
MODEL 422 


Sacro-Lumbar Back a") 7 New Dacron-Pima Cotton Fabric. 

Suppert Fer Mon Petal-Soft Interior Finish cushions the stays, 
: avoids irritation. Self-Smoothing, Exclusive 
Non-Wrinkle Fly speeds putting 

on garment and avoids comfort-robbing 
wrinkles. Soft Plush Padding under 

hooks and eyes. Superb Needle Work. 


FREEMAN MANUFACTURING CO. 
Dept. 707, Sturgis, Michigan 
Please send details on new Freeman features and include 


free reference catalog. 


Name 


Address 


City Zone_ State 
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Louis C. Weld, President, G. W. 
Chesbrough Co. ... “My own 
personal experience led to the 
development of Chesbrough 
Orthopedic Pre-Walkers, club- 
foot, open toe and closed 
toe Surgicals.” 


“Orthopedic shoes parents can afford... 


No. 1400 OPEN TOE. Siraight-line sym- f 
metrical last, firm heel, no back seam. 
Adaptable to Denis Browne Splints. : 


cial outflare last, sturdy instep strap to | ; 


No. 1700 CLUBFOOT, OPEN TOE. Spe- ay { 
stabilize heel. \ 


No. 1300 CLOSED TOE. Lace-to-toe 
design permits snug, gentle fit. Per- | 
fectly smooth inside. } 6 


MAIL COUPON FOR FREE DESK SAMPLES 


G. W. CHESBROUGH CO. 


807 Smith Street, Rochester 6, N.Y. 


ADDRESS 
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| YOUR ORTHOPEDIC SHOE DEALER: 
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CHESBROUGH 
Corrective Pre-Walkers” 


“When a child in my own family needed a 
corrective shoe, I discovered what a strain it 
can mean to a family budget, because 1) cor- 
rective footwear is expensive and 2) frequent 
purchase of new corrective shoes is required. 
Then and there I decided there was a real 
need for a moderately priced corrective shoe 
—a shoe parents could afford. That’s why 
and when Chesbrough Orthopedic Pre- 
Walkers were born. 

“Our 60 years of shoe-making experience 
resulted in corrective Pre- Walkers of scientific 
design, expert workmanship, fine leathers 
combined with orthopedically correct lasts to 
provide necessary correction at an economi- 
cal price.” 

Today—just three years later—orthopedic 
specialists in 45 states and several foreign 
countries are prescribing these shoes. 

All shoes in unlined white elk, sizes 000 to 4, narrow and wide. 


Available in full pairs, split pairs or single shoes (no extra 
charge for half pairs). 
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now...a new way to relieve pain 
and stiffness in muscles and joints 


@ Exhibits unusual analgesic properties, different 
from those of any other drug 


@ Specific and superior for relief of SOMAtic pain 


@ Modifies central perception of pain without abolishing 
natural defense reflexes 
@ Relaxes abnormal tension of skeletal muscle 


N-isopropyi-2-methyl-2-propy!-1, 3-propanediol dicarbamate 


ue In back pain, bursitis, sprains, strains, and bruises, whiplash 
and other traumatic injuries, inflammatory and degenerative 
muscle and joint complaints. 


RAPID acTING. Pain-relieving and relaxant effects start within 
30 minutes and last for at least 6 hours. 


NOTABLY SAFE. Toxicity is extremely low. No effects on liver, 
endocrine system, blood pressure, blood picture or urine have 
been reported. Some patients may become sleepy on higher 
than recommended dosage. 


EASY TO use. Usual adult dose is one 350 mg. tablet 3 times 
daily and at bedtime. 


supp.ieo: Bottles of 50 white sugar-coated 350 mg. tablets. 


Literature and samples on request. 


WALLACE LABORATORIES, NEW BRUNSWICK, N. J. WW 
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NEW BY 
Richards 


Newly designed 
Lightweight 
Bone Clamp 


Richards Hand Tightening 
Surgery Chuck (on 
Richards-Lovejoy Drill) 


RICHARDS MFG. 
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Richards Bone Clamp firmly draws bone frag- 
= : ments to original shape. It is designed to retain 
cight-weight them in position and also gripping 
BONE CLAMP contact area. It is lightweight, well balanced and 

y to handle. The available wanes @ cover er stand- 
bone diameters, 


The new Richards Sone are of 

finished stainless steel with pressure sensitive 

handles. The tensioned handles and the ratchet 7 

combine to provide precise ond pressures. 
4, 


surgery. Richards Hand ‘tightening chuck is. 
Surgical Chuck on - we on the reliable Richards-Lovejoy Bone 
BONE DRILL _ drill, No key necessary; simply tighten knurled 
: collar by hand. Eliminates annoyance caused by 
dropping key in surgery. Smooth, rounded chuck 
_ nose does not not grab drapes or engage with soft 
tissue. Wires may be advanced with ease. Entire 
drill length cannulated. Hand s on 
all Richards : 


For the finest Orthope- 
dist and General Sur- | 
geon equipment—there's 
none finer than Richards. 
Complete information on 
the Richards full line is 
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PLASTER 
ROOM 


“The Plaster Room Goes to the Patient” 


THE a PLASTER DISPENSER 


The Stryker Plaster Dispenser’s mobility makes complete plas- 
ter facilities available anywhere. 

It also provides out-of-sight storage space for plaster supplies, 
splints, padding, disposable buckets, hee!s, and the Stryker Cast 
Cutter. 

Its compactness minimizes the work for the doctor, nurse, and 
cleaning crew . . . it brings orderliness and cleanliness to plaster 
application. 

White baked enamel 
Stainless steel 


Ther Manufacturing Quality Medical Equipment for 15 years 


420 ALCOTT STREET + KALAMAZOO, MICHIGAN 


Distributed in Conoda by. Fisher & Burpe, Winnipeg Exclusive Agent for Export: Schueler (Co 75 Cliff St Y 
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Bone and Joint Changes Following Burns 
A ROENTGENOGRAPHIC STuDY—PRELIMINARY REPORT * 


BY E. BURKE EVANS, M.D., AND JAMES R. SMITH, M.D., GALVESTON, TEXAS 


From the Department of Surgery, Divisions of Orthopaedic and Plastic Surgery, 
University of Texas, Medical Branch, Galveston 


Bone and joint changes occurring as a result of severe burns are of clinical 
interest because of their significance in the rehabilitation phase of treatment, and 
of academic interest from the standpoint of pathogenesis. 

In the literature there has been modest reference to skeletal change as a com- 
plication of burns. Articles have dealt separately with osteoporosis *-* or ectopic 
bone *, with occasional allusion to other changes. Only recently has there appeared, 
in the German literature, an article which covers to some extent the calcific 
changes *-*. Artz and Reiss, in their book on the treatment of burns, give some sug- 
gestion of the variety of changes, but without elaboration. 

We have been impressed not so much by the frequency of occurrence of skele- 
tal changes, as by their variety and by their importance as deterrents to remobi- 
lization. Therefore, in January of 1957 there was begun by the Divisions of Ortho- 
paedie and Plastic Surgery a cooperative study aimed principally at obtaining 
routine roentgenograms at regular intervals of all severely burned patients treat- 
ed at John Sealy Hospital on an in-patient basis, beginning as soon as practicable 
after injury. Blood and urine chemistry determinations, blood cultures, and gross 
and histological examination of autopsy, surgical, and biopsy specimens were un- 
dertaken as part of the study. In addition to this, the available roentgenograms of 
all burned patients treated from 1950 through 1956 were reviewed. 

It is apparent that several years will be required for the accumulation of 
adequate data from laboratory sources. Roentgenographie studies have, however, 
been rewarding, and from the serial roentgenograms and those made prior to 1957 
we have collected twenty cases (Table I) which demonstrate skeletal changes other 
than osteoporosis—ost eoporosis being, in one degree or another, a rather consistent 
finding in all severely burned patients. The total number of burned patients treated 
as in-patients from January 1950 to the time of writing is 950. 

From the study of the twenty cases we have determined the changes, which 
include, in addition to osteoporosis, periosteal new-bone formation, pericapsular 
calcification, osteophyte formation, heterotopic para-articular ossification, and pro- 
gressive joint destruction and ankylosis. This classification is arbitrary, based on 
the way the alterations appeared to us roentgenographically as discrete and inde- 
pendent findings; there will doubtless be revisions as we gain more experience. 

Serial roentgenography has in some instances shown the progression of change 
from normal bone to advanced skeletal involvement; in others it has disclosed 
subtle changes which would otherwise have gone unrecognized for lack of clinical 
indication for investigation. Sufficient cases have not yet been observed from the 

* This investigation was supported in part by Research Grant No. A 848 (C-1, 2, and 3) 


from the National Institute of Arthritis and Metabolic Diseases, United States Public Health 
Service. 
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acute stages to enable us accurately to anticipate change or to predict time of on- 
set. 

This preliminary report concerns the roentgenographic findings in seleeted 
patients with thermal burns with osteoporosis alone and in twenty patients with 
skeletal changes in addition to osteoporosis. 

These skeletal alterations fall logically into three groups: 

1. Alterations limited to bone: osteoporosis and periosteal new-bone forma- 
tion; 

2. Alterations involving pericapsular structures: pericapsular calcification, os- 
teophytes, and heterotopic para-articular ossification ; 

3. Alterations involving the joint proper: progressive articular destruction 
and ankylosis. 


Alterations Limited to Bone 
Osteoporosis 


Some degree of bone atrophy or osteoporosis is common to all severely burned 
individuals. Owens called attention to the importance of osteoporosis as a compli- 
cation and emphasized the role of hyperaemia in the deossification process. Artz 
and Reiss, in a paragraph dealing with the subject, state that there are two factors 
in burns that are known to be associated with osteoporosis: (1) increased adre- 
nocortical activity, and (2) prolonged immobilization. Colson, Stagnara, and Hou- 
ot analyzed burns with osteoporosis and classified them as (1) localized osteoporo- 
sis in deep or infected burns of the extremities, (2) diffuse painful osteoporosis, 
and (3) latent osteoporosis in burned individuals with scarring. These writers 
did not discount local factors, but they emphasized the 
role of reflex vasomotor phenomena in the production of 
osteoporosis. 

We have not undertaken, as yet, a correlated study of 
the various types of bone atrophy, but we have made certain 
observations in the cases thus far reviewed. 

Bone atrophy may appear as a local phenomenon in 


Fia. 1 Fic. 2 


Fig. 1: Case 7. Although there is generalized osteoporosis, the bones of the right upper 
extremity reflect the greater severity of the burn on that side, four and one-half years after 
the acute burn. This patient also showed irregular ossification of the iliac crests and osteophytes 
of the right elbow. 

_ Fig. 2: Three months after injury the roentgenogram shows marked atrophy of the bone 
limited to the distal radius and ulna, the wrist, and the hand of the extremity with a minimal 
third-degree burn. There was no other skeletal alteration. 


THE JOURNAL OF BONE AND JOINT SURGERY 


‘i 
| 
ue 
4 


BONE AND JOINT CHANGES FOLLOWING BURNS 789 


patients with burns limited principally to an extremity, or it may be generalized in 
individuals who are more diffusely involved, who must remain immobile for a long 
period of time. 

In the locally burned individual, the atrophy may appear in all bones of the 
extremity, and it is presumed that this type of atrophy is secondary to the local 
hyperaemia and the chronic inflammatory state which abides with granulating sur- 
faces and grafting procedures and also to immobility of the part. The fact that the 
degree of atrophy varies with the extent of local involvement is illustrated in 
Figure 1. 

Local atrophy, on the other hand, may be very limited in extent but of great 
intensity and of abrupt onset in an extremity with only small areas of third- 
degree burn, as shown in Figure 2, and it is presumed that there is in these 
instances a vasomotor reflex phenomenon which contributes to the local hyperaemic 
state. The extremity shown in Figure 2 appeared clinically to be the same as 
Sudeck’s atrophy but the characteristic pain was lacking. 

Generalized atrophy is slowly progressive in individuals with an extensive 
burn. There may be diffuse atrophy of one degree and a more intense atrophy in 
the more severely burned areas. Diffuse symmetrical involvement is uncommon. 
The time after the acute injury at which atrophy is easily detectable on a roent- 
genogram varies considerably among patients. Figures 8-B and 8-F give some in- 
dication of the degree of diffuse atrophy in Case 3 nine months after the acute burn. 

Atrophy of the generalized type is thought to be secondary to local hyper- 
aemia, chronic local inflammatory processes, and prolonged inactivity. We accept 
the less tangible factors of malnutrition and protein insufficiency and of adreno- 
cortical hyperactivity. Artz and Reiss stated that the extent of osteoporosis is re- 
lated to the severity of injury and the length of immobilization, and that the more 
severe burns are also associated with more intense and more prolonged hyperadre- 
nocorticism. 

It is to be expected that reminerali- 
zation will take place progressively as the 


Fig. 3-A: Case 9. A nine-year-old boy with a 
30 per cent third-degree burn and skeletal 
change consisting of periosteal new-bone forma- 
tion involving both tibiae and both fibulae and 
ankylosis of both ankles. (In each of the dia- 
grams the shading indicates the area of third- 
degree burn, and the stars, the area of skeletal 
involvement.) 

Fig. 3-B: Periosteal new-bone formation is 
present in both tibiae and both fibulae. Both 
ankle joints are undergoing degenerative change. 
The roentgenogram was made six months after 
the burn. 


Fic. 3-A 
VOL. 41-A, NO. 5, JULY 1959 


v 

at 

me 

| 

a 

Fic. 3-B 

A 


790 E. B. EVANS AND J. R. SMITH 


patient is remobilized. We have found in several instances, however, that some 
degree of atrophy is still evident two or three years after the patient has regained 
functional independence. 


Periosteal New-Bone Formation 


This type of reaction is often observed in bone adjacent to a local area of 
infection or chronic inflammation not associated with burns, and the manifestation 
as seen in burned extremities is probably no different, since it occurs in those bones 
which underlie areas of severe burn or in conjunction with a destructive process 


in an adjacent joint. 

It is presumed that the reaction in the badly burned extremity is secondary 
to the acute hyperaemia or to that accompanying the chronic inflammatory process 
which persists until there is good skin coverage. Both lower extremities of the 
patient shown in Figures 3-A and 3-B 
demonstrate circumferentially open gran- 
ulating surfaces for four consecutive 
months. The involved ribs shown in Fig- 


Fic. 4-A Fic. 4-B 
Fig. 4-A: Case 16. A nine-year-old boy with a 55 per cent third-degree burn and pericapsular 

calcification involving the right elbow. : 
Fig. 4-B: Discrete, small calcific densities are seen along the medial humeral condyle and in 

the adjacent capsular ligaments, two months after the burn. 


ure 8-H directly underlie an area which has not yet completely healed. In Case 7 
what appears to be irregular ossification of the iliae epiphyses is probably an al- 
teration of the same nature. 

The time of detection of this change has varied from the fourth to the ninth 
month after the burn. In no instance has there been noted continued proliferation 
after skin coverage. 


Alterations Involving Pericapsular Structures 


Pericapsular Calcification 


Irregular calcification in the intimately periarticular structures has been an 
independent finding in seven instances and has accompanied more dramatic change 
in others. The ealeifie densities are in the plane of ligaments or overlying tendons 
and have no attachment to bone. They have been observed in both children and 
adults. The onset, in the three cases in which it could be established, was in the 
second and third months after the burn. 

In all but one ease there has been adjacent or overlying burn. In Case 16 (Figs. 
4-A and 4-B) there was symmetrical involvement as far as the burn was concerned, 
but calcification was limited to the right side. The precipitating causative factor 
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thus may well be superimposed trauma with punctate hemorrhage and local tissue 
damage, although these phenomena have not been observed. 

This type of spotty calcification may herald more serious joint impairment, 
it may disappear, or it may remain unchanged about a freely movable joint. 


Osteophytes 


The most frequently observed skeletal alteration among adult, burned patients 
is that of the formation of osteophytes. The plaquelike, bone outgrowths which are 
seen most often at the elbow are called osteophytes because they occur along the 
articular margins of the olecranon or coronoid process and have the appearance of 
the osteophytes of osteo-arthritis. 

These excrescences limit joint motion and are thus occasionally surgically re- 
moved. With surgical exploration and excision it has been determined that they 
lie in the plane of ligaments, and with histological examination it has been shown 
that they represent simple new-bone formation in a fibrous connective-tissue stro- 
ma, 

Osteophytes have been separated from pericapsular calcifications on the basis 
of appearance alone, the osteophytes being a more disciplined growth that is con- 


Fic. 5-A Fic. 5-B 

Fig. 5-A: Cuse 6. A forty-year-old woman with a 17 per cent third-degree burn and osteophyte 
formation at both elbows. 

Fig. 5-B: Three years after the acute burn there are osteophyte-like plaques at the joint 

margins of the olecranon and coronoid process in the right elbow and complete extra-articular 

arthrodesis of the left elbow. 


sistently attached to bone. The factors provoking the occurrence of the two changes 
are nevertheless probably much the same. The precipitating cause in the case of 
the osteophytes could be, for instance, superimposed minor trauma in the form of 
stress on atrophic ligaments at the site of bone attachment. In every case showing 
osteophyte formation, there has been an adjacent burn. 

These growths may progress to complete bridging of the joint or they may 
gradually decrease in size. Figure 5-B shows typical osteophytes on the right and 
ankylosis on the left. 

The time of onset has not been determined. Change in all of our cases has been 
detected after the osteophytie growth has become well established. 


Heterotopic Para-articular Ossification 
True para-articular osseous bridging has been observed at the hip, elbow, or 
shoulder in four of our patients, three of whom are children (Figs. 6-C, 6-D, 6-F, 
8-B, 8-C, 8-D, and 8-E). These new-bone formations, in the one case explored sur- 
gically, have been found to lie deep to and in the plane of surrounding muscle with- 
out evidence of actual replacement of muscle substance. The bone bridges in every 
instance have connection to parent bone at one or both extremes. They have been 
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observed to arise from one bone and 
extend gradually toward the other, 


~ aan: with which they may or may not be- 


come continuous. They may cease to 


\ / 
\ \ 
\ b (YS grow and remain as simple exostoses, 
~ gradually decreasing in size. 
* SY | | SS The time of onset in Case 15 (Fig. 
\ 6) was in the third month after the 
' burn. In other cases, joint motion was 
already impeded by the new bone be- 
fore detection, thus the time of onset 
is not known. 

The proximity of the involved 
Fic. 6-A joint to the area of burn is not con- 
Case 15. A six-vear-old boy with a 40 per  sistently a factor in the production of 
cent third-degree burn and ectopic-bone for- heterotopic bone. The unburned left 
mation of both hips and the right elbow. elbow shown in Figure 8-C shows ex- 
tra-articular fusion, whereas the right elbow of the same patient shows marked 
soft-tissue contracture from an adjacent third-degree burn, but no skeletal change. 
The situation is similar in regard to the elbows in Case 15 (Figs. 6-D and 6-E). 
The pathogenesis of the heterotopic bone may easily be the same as that of 
the other pericapsular changes. There is evidence, especially in Case 15 (Figs. 6-B 
and 6-C) where it was recognized, that superimposed trauma is the precipitative 
factor. It is assumed that, with immobility and progressive bone atrophy, there is 
a continuing release of bone salts; degeneration of muscle, tendon, and other para- 
capsular soft tissue is inevitable; and humoral and physiological alterations 
which follow the acute burn affect alike all soft-tissue structures whether or not 
they directly underlie the burned area. The severely burned patient thus is con- 
stitutionally susceptible to trauma, and it may be that the repeated minor trauma 

of routine handling or dressing change is a sufficient incitant. 
Johnson, in his reporting of this type of change in four patients, three of 


Fic. 6-B Fia. 6-C 


Fig. 6-B: This roentgenogram was made two months after an acute burn and at the time of 
spontaneous dislocation of the right hip. A previous roentgenogram showed no evidence of 
ectopic bone. 

Fig. 6-C: Ten months after injury heterotopic bone, which first appeared one month after 
the dislocation, has matured. It is attached proximally to the pelvis, and the most anterior 
spicule lies in the plane of the iliopsoas muscle and appears to articulate distally at the lesser 
trochanter. There was a minimal change of a similar nature involving the left hip. 
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Fic. 6-D Fic. 6-E 


Fig. 6-D: This roentgenogram of the right, unburned elbow was made three months after 
injury and shows heterotopic bone arising apparently from the area of biceps insertion. 

Fig. 6-E: In the seventh month after burn the mature structure of the new bone is evident. 
From this stage it regressed in size as the general condition of the patient improved. 


whom had received third-degree burns, also noted the occurrence of heterotopic 
bone in unburned areas and implicated the trauma of routine care. He referred to 
the change as atypical myositis ossificans, and the two processes may indeed be 
similar in every respect. Heterotopic-bone formation has been noted in patients 
with poliomyelitis and with paraplegia, and there is nothing specific to distinguish 
it from that seen in burns. The identification of the process with myositis ossi- 
ficans, however, does not make the actual pathogenesis less obscure, and, as with 
myositis ossificans, there must be factors other than trauma because among se- 
verely burned patients receiving the same type of care there are many in whom 
heterotopic bone does not develop. 

It is not within the scope of this preliminary report to discuss the various 
theories of ectopic-bone formation, nor to speculate further as to the cause in 
burned patients. It is our hope, however, that continued study of these individuals 
will to some degree clarify the problem. 


Alterations Involving the Joint 
Articular Destruction and Ankylosis 


Progressive destruction of one or more joints with eventual fibrous or bony 
ankylosis has occurred in seven patients, all of them children. The sequence of this 
articular change is illustrated in Case 14 (Figs. 7-B, 7-C, and 7-D) and in Case 3 
(Figs. 8-F and 8-G). 

The earliest clinical evidence thus far observed is fusiform periarticular 
swelling and local heat, and the affected joints are painful on palpation and manip- 
ulation. This finding is not in itself a particularly unusual one in a badly burned 
child. The time of onset may be one or several months after the acute burn. 

The early roentgenographic manifestations are those of capsular swelling, 
spotty pericapsular calcification, and subchondral irregularity (Fig. 7-B). As pre- 
viously mentioned, the calcifications may or may not portend joint destruction. 

The advancing process, as observed on roentgenograms, shows soft-tissue and 
intracapsular clouding, progressive destruction of articular surfaces, adjacent re- 
active periosteal new-bone formation, and, ultimately, ankylosis (Figs. 7-C, 7-D, 
8-F, and 8-G). Complete articular destruction may occur within a few weeks, and 
ankylosis within a few months. 

The joints most frequently involved are the elbow, hip, and ankle. Talocal- 
caneal ankylosis has occurred in two instances in which there is adjacent ankle 
fusion, and fibrous ankylosis has been observed in one knee (Table I, Case 2). 
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The proximity of the joint to the burned area is not a constant factor in the 
genesis of intra-articular change. In Case 3 (Figs. 8-D and 8-E), the involved 
left hip underlies an area of a third-degree burn but the involved right ankle (Figs. 
8-F and 8-G) is far distal to the nearest third-degree involvement on the thigh. In 
Case 14 (Fig. 7-D), ankylosis has occurred in the elbow on the slightly burned 
right side, whereas there is normal elbow function on the burned left side. 

It is our opinion that in its behavior this process more closely resembles 
septic arthritis than any other recognized entity. The possibility that the destruc- 
tion is due to bacterial invasion is supported by the knowledge that all severely 

burned patients have a recurring tran- 

sient bacteraemia or septicaemia of 

varying severity as long as there are 

open granulating areas. Artz and Reiss 

made a rather definite assertion that 

the joint destruction in burned pa- 

tients is due to infection. Although we, 

too, incline to this opinion, we lack 

confirming evidence which may in 

time be gained from autopsy and sur- 

gical specimens or from aspiration of 

joints, and there is clinically no posi- 

tive correlation between the amount 

and degree of sepsis and involvement 

Fic, 7-A of joints. The examination of two 
Case 14. A seven-year-old girl with a 40 per ankles in surgically removed lower ex- 


cent third~degree burn and a skeletal change of tremities with almost total deep 
pericapsular calcification of the left elbow and ‘ ‘ 


ankylosis of the right elbow. third-degree burn disclosed pannus 


7-B Fic. 7-C Fic. 7-D 
Fig. 7-B: A roentgenogram of the slightly burned, right elbow, made three months after 
injury, ‘thowing small calcific densities apparently capsular in location and periosteal new- 
bone formation along the anterior surface of the humerus adjacent to the joint. The fusiform 
soft-tissue swelling is evident. 
Fig. 7-C: The periosteal new-bone formation is pronounced, and there is marked articular 
destruction four months after injury. 


Fig. 7-D: This roentgenogram, fifteen months after injury, shows complete clinical ankylosis 
of the right elbow. 
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formation and fibrinous adhesions without suppuration. This finding suggests that 
a degenerative process could be initiated without bacterial invasion. 
SURGICAL EXPERIENCE 

If osteophytes or heterotopic bone severely limits joint motion, excision of 
the offending growth is indicated. We have removed osteophytes from the olec- 
ranon and coronoid process of the ulnae in Cases 6, 7, and 12 (Table I). Hetero- 
topic bone of such extent as to cause extra-articular arthrodesis has been removed 
from the right hip and the left elbow of Case 3. 

The removal of osteophytes resulted, in all three cases, in a restoration of 
functional range of motion. In each of the cases it was necessary after excision 
of the bone block to manipulate the joint forcibly in order to break down soft- 
tissue adhesions. Supervised active exercise was begun in the first week after op- 
eration with emphasis on strengthening. Range of motion tended to increase 
gradually. There has been no recurrence of the osteophytes. 

In Case 3, however, heterotopic bone has recurred at the hip, but without com- 
plete bridging so that there is at least a limited range of motion in all planes, eigh- 
teen montis after surgery. Removal 
of the wedge of bone at the elbow has 
enabled the patient to put her left 
hand to her face, and there has been 
no recurrence at this site. 

In Case 1, an arthroplasty of the 
left hip, utilizing a Judet prosthesis, 
has been only temporarily effective in 
restoring motion. Simple corrective 
osteotomies of the left femur in Case 
3 and of the right knee in Case 2 have 
been most helpful. 

It is our policy to wait until the 
burn sear over the skeletal area to be 
approached is pale, soft, and pliable 
before planning a surgical procedure. Fic. 8-A 
Ideally, elective surgical procedures Case 3. A six-year-old girl with a 50 per cent 
should be postponed until there is no third-degree burn. The skeletal change consists 
of periosteal new bone of the ribs, ectopic bone 


granulating surface or sear tissue In of the right hip and left elbow, and ankylosis 
any location regardless of the eondi- — of the right ankle and left hip. 


Fic. 8-B Fic. 8-C 


Fig. 8-B: Nine months after the acute burn there is heterotopic new bone .bridging the un- 
burned left elbow joint in the plane of the brachialis muscle. 7 
Fig. 8-C: At seventeen months there is complete extra-articular bony ankylosis. 
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Fic. 8-D 
Fig. 8-D: Nine months after the acute burn there is intra-articular destruction of the left 
hip and progressive extra-articular osseous bridging of the right hip. 


tion of the operative site. It is our observation that as long as there is activity of 
sear or granulation tissue any focus of eetopie bone, regardless of its location, will 
continue to proliferate and thus the chances of recurrence of such ectopic bone 
after its reraoval are probably enhanced. Under no cireumstance should an incision 
be made through a sear that is red or indurated. These two qualities indicate that 
the sear is active or that there is still an inflammatory response in the area. Closure 
of an incision through an indurated sear is difficult; the wound edges tend to 
necrose, and the sear is made worse. 

In children, if heterotopic bone merely limits motion but does not cause anky- 
losis of the joint it should not be excised. As the patient’s general condition im- 
proves and the sear tissue softens, ectopic growths tend to decrease in size, and 
joint motion is gradually restored. 


GENERAL OBSERVATIONS 


Direct Involvement 


If an area of bone is denuded by burn there results tangential sequestration 
of the avascular portion (Case 20). This necrotie bone will remain exposed until 
by means of drilling or tangential sequestrectomy granulation tissue is en- 
ccuraged to grow and provide a bed for a skin graft. Moncrief has adequately 
covered this problem in his paper dealing with complications of burns. Glover 
salled attention to bone necrosis resulting from direct involvement of bone or 
periosteum by burn. We have not yet observed the type of segmental necrosis which 
occurred in one of his cases. 

Direct involvement of joints usually results in septic arthritis, articular de- 
struction, and ankylosis. The joints most frequently involved are those of the 
wrist and hand. In one patient (Table I, Case 10), the wrist was involved directly. 
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8-E 
The mature alterations of intra-articular ankylosis on the left and extra-articular 
ankylosis on the right are shown as they appeared six years after injury. 


Fic. 8-F 


Fig. 8-F: Seven months after the burn there is articular destruction involving the talotibial 
and talocalcaneal joints, intracapsular cloudiness, and adjacent reactive periosteal new-bone 
formation in the unburned right ankle. 

Fig. 8-G: The talotibial and talocalcaneal bony ankylosis as it appeared six years after the 
burn. 
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Fic. 8-H 


The widened and fused ribs on the right are the result of reactive 
periosteal new-bone formation. The roentgenogram was made six years after 
the burn, which involved the skin overlying this area. 


Distribution and Type of Alteration 

Skeletal changes after a burn have been observed to occur in all major joints 
of the extremities. The interphalangeal, metacarpophalangeal, and metatarsopha- 
langeal joints have not shown these changes in the cases reviewed, although they 
have been involved by the burn directly. Hips and elbows are frequently the sites 
of involvement, but shoulders, wrists, and knees are rarely involved in spite of 
their frequent inclusion in the burned area. Among the cases cited by Kola? and 
Vrabec, calcification about the knee was a rather common finding. 

It has been a consistent observation that joints with major para-articular 
changes do not show intra-articular changes and that the converse is true. A 
patient may demonstrate only one major type of alteration, as in Case 15 (Figs. 
6-B through 6-E), or he may show both intra-articular and para-articular changes 
in different joints of the same extremity as in Case 3 (Figs. 8-B through 8-G). 


Age and Severity 

Skeletal alteration after burns has been observed to occur more often and to 
a greater degree in children than in adults. The most severe response so far ob- 
served in an adult is that of heterotopic ossification in the shoulder of a woman 
twice burned (Case 13). In no instance has intra-articular destruction or ankylosis 
been observed in an adult. 

This diserepancy in the incidence of skeletal change between children and 
adults who have been burned cannot be explained on the basis of differences either 
in the frequency of burn or in survival rate. For want of a better explanation, we 
ascribe this difference to the exuberant tissue response characteristic of youth. 
Ilowever, since the phosphate concentration in the serum of children is twice that 
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of adults, it appears reasonable to presume that the differences noted in the in- 
cidence of caleium deposition and heterotopic-bone formation are in some way 
related to this. 


Predisposition to Change 

We have noted that of the 950 patients with burns of all severity treated in 
John Sealy Hospital from January 1950 through August 1958, only twenty have 
demonstrated skeletal alteration other than osteoporosis. We are quite sure that 
a number of eases have been overlooked beeause the skeletal involvement did not 
sufficiently limit function to warrant investigation, but it is still apparent that 
major skeletal changes do not develop in most burned patients. Thus, as with 
similar changes in non-burned patients, there is likely to be an individual or heredi- 
tary predisposition. 


Growth Stimulation 

We are occasionally aware of growth spurts in children after severe burns, 
and there are adult patients who report that they required larger shoes after a 
burn than they did before. One patient, who was twenty-fo»: years of age at the 
time of the burn, gained approximately one and one-half inches in height after the 
burn and reported an increase of one full shoe size. 

It is possible that a severe burn may stimulate skeletal growth through stasis 
or passive hyperaemia or a chroni¢ inflammatory process. To bring random reports 
and clinical impression to scientific soundness, however, would require routine tele- 
oroentgenographie study, a mechanically unfeasible undertaking in the severely 
burned patient. We therefore simply wish to record the observation. 


SUMMARY 

The skeletal alterations which occur in association with thermal burns have 
been arbitrarily classified according to their roentgenographie appearance as: os- 
teoporosis, periosteal new-bone formation, pericapsular calcification, osteophyte 
formation, heterotopic para-articular ossification, joint destruction, and ankylosis. 

Possible explanations for each of the skeletal changes are offered, but the true 
pathogenesis is still obscure. Superimposed trauma may be a precipitating factor 
in instances of heterotopic calcification and ossification and sepsis may be a fac- 
tor in intra-articular change. 

Surgical excision of ectopic osseous or calcified tissue is a feasible procedure 
but should not be undertaken until the patient’s general condition is good and all 
sear tissue is mature and soft. 
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Effects of Rotatory and Valgus Malpositions 
on Blood Supply to the Femoral Head 


OBSERVATIONS AT ARTHROPLASTY * 


BY FRANK B. SMITH, M.D., PORTLAND, OREGON 


In subeapital fractures of the hip, circulation to the proximal fragment may 
be impaired or completely interrupted by varying degrees of rotation of the 
femoral head. An extreme valgus position of the capital fragment may also embar- 
rass this blood supply. These observations were first suggested to me thirteen 
years ago during the performance of an osteosynthesis reconstruction operation 
on the hip. The patient was a woman, fifty-three years old, who had an established 
non-union of a high subeapital fracture of the right hip. Since the femoral neck 
was well preserved and the head was apparently viable, it was decided to carry 
out a Brackett procedure. When the capsule was opened and the non-union cleaned 
out, the freshly denuded surface of the capital fragment bled freely. I was im- 
pressed by the fact that the bleeding took place from all parts of the femoral 
head. The blood dripped actively at a measured rate of seventy to eighty drops 
per minute. 


Degrees of posterior ~ _ Degrees of anterwr 

rotation before bleeding rotaton betore 
Stops bigeding stops 
Minimum Minimum 15° 
Maximum 190 Maximum 260° 


Fia. 1 
Symmetrical head fragment in situ. A: Position of maximum active bleeding. Notches made 
in superior portion of the head and adjacent acetabular rim are points of reference for rota- 
tional studies. B: Bleeding stopped when head was rotated anteriorly to 115 degrees and 
beyond. Bleeding also stopped at and beyond 60 degrees of posterior rotation. 


In testing its mobility, the symmetrical head fragment was turned first clock- 
wise then counterclockwise in the plane of the acetabular margin. As the turning 
was increased in either direction, the bleeding gradually slowed and finally 
stopped. On returning the head fragment to its original position, the dripping of 
blood recurred at approximately the initial rate. The head was then tilted into 
various other positions. Extreme valgus was the only position which shut off the 
blood supply completely. 

In this patient there were no remaining retinacular attachments to the head 
fragment. Therefore, its only blood supply entered through the ligamentum 

*Read at the Annual Meeting of The American Orthopaedic Association, Lake Placid, 
New York, June 15, 1959. 
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teres. It seemed significant that the blood supply through the ligamentum teres 
could be interrupted at will by placing the head fragment in rotational and val- 
gus malpositions. Furthermore, if these malpositions of the head fragment could 
embarrass, if not obstruct, the only blood supply available to the femoral head, 
could not such positions be contributing factors in many cases of non-union, de- 
layed union, early or delayed aseptic necrosis, and degenerative arthritis? 
Stimulated by this experience, I looked on each subsequent open operation 
on the hip joint as an opportunity to test these initial observations. 


OBSERVATIONS AT OPERATION 

During the past thirteen years, twenty-four patients had reconstruction op- 
erations of the hip which afforded opportunities to look for bleeding from the 
femoral-head fragments. While some heads had residual shreds of retinacular at- 
tachments, none had patent retinacular circulation. Before testing the capital frag- 
ments for bleeding, any remaining retinacular attachments were sacrificed. This 
left each head fragment freely movable in the acetabulum except for its attach- 
ment to the ligamentum teres. The observations made at operation can be divided 
into three categories: effects of rotatory movement, effects of movement other 
than rotational, and bleeding from the cut ligamentum teres. 


Effects of Rotatory Movement 


In a sense, all movements of a ball-and-socket joint are rotational. However, 
as used in this paper, the term rotatory movement refers only to movement of the 
femoral-head fragment in the plane of the acetabular margin around an axis 
passing through the head at or near the fovea centralis. 

Of the twenty-four hip operations, six were Brackett reconstructions, one was 
a Whitman reconstruction, three were high femoral-neck osteotomies, and four- 
teen were insertion of a prosthesis (three primary). In each instance an attempt 
was made to establish: 

1. The presence of active bleeding from the capital fragment; 

2. The rate of such bleeding (drops per minute) ; 

3. The size of the surface area of the fragment contributing to the bleeding; 

4. The degree of rotation of the head, in the plane of the acetabular margin, 
necessary to interrupt active bleeding. 

The technique of examining the capital fragment for evidence of bleeding 
consisted in removing bone bit by bit with a rongeur. In some instances it was 
necessary to remove only the fibrocartilaginous covering of non-union. In others, 
from one-fourth to one-half inch or more of the cancellous bone was removed 
from the head before an active blood supply was tapped. 

There was wide variation in the amount of spontaneous bleeding from the 
capital fragments. This variation was attributed to the degree of patency of the 
foveal vessels or of the intra-osseous vascular channels or of both. 

Twenty-four head fragments were examined in situ. Of these: Four fragments 
were completely avascular throughout. Twelve fragments exhibited areas of fresh 
blood that dripped only occasionally. After a few minutes the dripping ceased and 
did not start again until the surface of the fragment had been cleaned of clotted 
blood or additional bone had been removed. Although certainly indicative of via- 
bility, such bleeding was considered too inactive for rotational studies. The re- 
maining eight head fragments bled actively enough for testing. Six bled from all 
surfaces and two bled only from the antero-inferior half. The amount of bleeding 
varied from a minimum of twelve drops per minute to a maximum of eighty drops 
per minute. 

The position of each head fragment in the acetabulum at which maximum 
bleeding occurred was selected as the starting point for studies on the effects of 
rotatory movement. In this position a notch was made in the superior acetabular 
margin. Another notch was made in the adjacent superior margin of the head 
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fragment. Thus, the second notch was directly below the first, an arrangement 
which ensured return to the original position after rotation for measured distances 
(Fig. 1, A). 

totation was measured in the plane of the acetabular rim and was referred 
tu as either anterior or posterior. Anterior rotation was designated as the distance 
traveled by the notch in the superior margin of the head fragment along the an- 
terior acetabular margin in the direction of the symphysis pubis. Posterior rota- 
tion was designated as the distance the notch in the superior head fragment moved 
along the posterior acetabular margin in the direction of the posterior ischium. 
Rotation was expressed in degrees of a circle. 

Each head fragmeat was slowly rotated anteriorly until active bleeding from 
its surface stopped. The number of degrees the notch on the head fragment had 
moved along the anterior acetabular rim was recorded. Then the head fragment 
was returned to its original position. When active bleeding recurred, the rotation 
procedure was repeated, but in a posterior direction. 


| 


Coronal section of acetabulum containing symmetrical head fragment. A: Actively bleed- 
ing head. Ligamentum teres and open foveal vessels in anatomical position in fossa. No rota- 
tion of head and no twisting or stretching of ligament. Situation comparable to sitting o1 
quadruped position shown in Fig. 3. B: Bleeding stopped by tilting head fragment in the 
extreme valgus position. The ligamentum teres and its vessels have left the fossa superiorly, 
are overstretched, and are compressed between the lunate surface of the acetabulum and 
femoral head. 


As one might suspect, the number of degrees of rotation necessary to shut off 
the blood supply from the ligamentum teres varied greatly in different head frag- 
ments. The minimum excursion anteriorly was 115 degrees; the maximum was 260 
degrees—almost three-quarters of a circle. Rotation posteriorly stopped active 
bleeding at a minimum of 60 degrees and a maximum of 190 degrees (Fig. 1, B). 
These variations were ascribed to observed differences in the length and thickness 
of the ligamentum teres as well as in the depth of the acetabular fossa, as will 
be explained later. 

In two instances the head fragments were not large enough for reconstruction, 
although adequate for testing the degrees of rotation necessary to shut off active 
bleeding. One of these could be delivered out of the acetabulum without interrupt- 
ing the flow of blood. This was first tilted into varus position and then dislo- 
cated out of the acetabulum antero-inferiorly over the acetabular notch. By this 
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route minimum tension was placed on the ligamentum teres and the foveal ves- 
sels. Once delivered out of the acetabulum, it was possible to see the ligamentum 
teres throughout its entire length. This situation offered the only opportunity in 
the series to rotate the dislocated head fragment and simultaneously watch the 
twist increasing in the ligamentum teres to the point where bleeding stopped. 


Effects of Movements Other than Rotational 


Each of the eight head fragments was also tested to see if its bleeding would 
be affeeted by movements other than rotational, namely, anteversion, retro- 
version, varus, and valgus. The results were as follows: 

Extremes of anterior and posterior displacement of the head, comparable to 
anteversion and retroversion, slowed and finally stopped bleeding in six of the 
eight heads. In the other two heads bleeding continued slowly. 

With the head in the position of maximum active bleeding, the superior mar- 
gin of the head fragment was depressed in the acetabulum, thereby tilting the head 
into extreme varus position. In this position the bleeding was slowed in several 
heads, but remained active in all. 

Tilting the fragment into slight valgus position had no effect on bleeding. 
Moderate degrees of valgus position caused partial interruption of bleeding. Tilt- 
ing the fragment into extreme valgus deformity abruptly and completely stopped 
bleeding in all eight heads (Fig. 2). On return to the original position, active 
bleeding resumed in seven of the eight heads. Bleeding ceased in one and would not 
start again despite the removal of bone and cleaning of the bleeding surface. In this 
instance the ligamentum teres, presumably, had been structurally damaged and 
the foveal blood supply permanently interrupted by the testing maneuver. For- 
tunately, this occurred in a patient for whom the primary insertion of a prosthesis 
had been planned. 


4 


Bleeding from Cut Ligamentum Teres 

During the period reviewed, thirty-two additional reconstruction operations 
of the hip were done (seventeen arthrodeses and fifteen cup arthroplasties). These, 
together with twelve operations from the group of cwenty-four (eleven insertions 
of a prosthesis and one Whitman reconstruction), .e a total of forty-four opera- 
tions in which the femoral head was removed. 

In each of these forty-four operations an effort was made to determine the 
presence or absence of gross bleeding from the stump of the ligamentum teres 


ps remaining in the acetabular fossa. Some degree of gross bleeding was demon- 
strated in thirty-three instances (70 per cent). Nineteen stumps bled actively 

enough to require cauterization. Four bled spontaneously but did not require cau- 
by terization. In the other ten stumps there was no spontaneous bleecing immediately 


following dislocation of the femoral head; but, in all ten bleeding could be ini- 
tiated either by manipulating the crushed end of the stump or by dividing the 
ligament closer to the acetabular notch. 


ANATOMICAL 


STUDIES OF THE LIGAMENTUM TERES 

To clarify the notations made at operation on living subjects, related ana- 
tomical studies were also carried out. Some were made on the hip joint in situ at 
autopsy. Others were done on reseeted hip joints. Before presenting the details of 
these studies, it might be well to review, briefly, anatomical considerations per- 
taining to the acetabular fossa as well as to the ligamentum teres. 

The fossa, located in the antero-inferior portion of the acetabulum, is roughly 
square. It makes up approximately one-third to one-half of the entire acetabulum. 
Its floor is depressed below the surrounding lunate cartilaginous surface. This lu- 
nate surface is in contact with the cartilaginous surface of the femoral head and 
creates the anatomical space of the fossa. The depth of the fossa varies, but casily 
accommodates its ligamentum teres. 
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The ligamentum teres is a straplike structure draped over the convex car- 
tilaginous surface of the femoral head. It is a composite anatomical unit made up 
of the ligament itself, the foveal vessels, areolar tissue, and some fat—all wrapped 
in a tube of synovial membrane extending from the fovea to the acetabular notch. 
Hereafter when reference is made to alterations of the ligament, it will be neces- 
sary to visualize that they involve this synovial tube and all its contents. 


Studies on Hip Joints in Situ 


Three hip joints were explored in fresh cadavera through the intra-articular 
approach. In each instance a subeapital fracture was created by osteotomy through 
the medial portion of the femoral neck, just proximal to the retinacular attach- 
ments. Each symmetrical head fragment was then dislocated antero-inferiorly out 
of its acetabulum, leaving the ligamentum teres intact. The three ligaments varied 
in length and thickness, one being short and thick, the other two, longer and thinner. 

Each dislocated head ‘vith its ligament attached was tested in the following 
manner: The head was rotated around its foveal axis—first clockwise, then coun- 
terclockwise. As the degree of rotation increased in either direction there was a 
correspondingly greater degree of twisting in the ligamentum teres and, finally, 
gross distortion of its original contour. In other words, the ligamentum teres 
beeame progressively shorter, thicker, and more irregular until it resembled a 
tightly wadded, lumpy mass which resisted further rotation of the head. 

The degree of rotation required to reach the maximum point of twisting, with- 
out tearing the ligament, varied according to the structure of the ligamentum teres. 
Thus, the two longer and thinner ligaments allowed a full half-cirele more of rota- 
tion of the head than did the shorter and thicker ligament. 

After untwisting its ligamentum teres, each head was replaced in its original 
position in the acetabulum. The replaced head was then rotated around its foveal 
axis and in the plane of the acetabular margin. When the head was held snugly in 
the acetabulum the maximum rotation was only one-half to two-thirds as great as 
that which had been achieved with the dislocated head. When the head was held 
less snugly in the acetabulum further degrees of rotation were possible, but even- 
tually resulted in extrusion of the head from the acetabulum. 

These observations were attributed to the progressive compression of the liga- 
mentum teres. This compression was brought about by the growing disproportion 
between the fixed depth of the acetabular fossa and the changing shape of the 
wadded portion of the ligament. 

It was soon apparent that the functional anatomy of the ligamentum teres 
could not be studied adequately through the intra-articular approach alone. 
Therefore hip joints were removed from fresh cadavera and specially pre- 
pared for further studies. 


Studies on Resected Hip Joints 


Each specimen consisted of « hip joint removed intact with its innominate 
bone and proximal part of the femoral shaft. In preparing the specimen, all soft 
tissue was removed from the innominate bone and femur, with the exception of the 
capsule which was left intact. The hip joint was exposed from the pelvic side by 
removing the entire floor of the acetabular fossa, care being taken that none of the 
acetabular cartilage was removed. The synovial membrane was developed as a 
flap, which was turned antero-inferiorly and medially away from the margins 
of the fossa toward the acetabular notch. When the synovial flap was reflected, 
& window was opened which allowed a full view of the ligamentum teres and that 
portion of the femoral head which normally comes into contact with the ace- 
tabular fossa. 

To preserve the specimens in a pliable state for the studies, they were wrapped 
in cloths saturated with normal saline solution and refrigerated. 

Specimens thus prepared permitted direct observation of the ligamentum teres 
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hic. 7 
Moderately acute flexion and internal rotation of intact hip. Ligament 
occupies inferior half of fossa and is fully stretched. Insertion is rotated 30 
degrees posteriorly from line of origin. 


during studies made on both normal and abnermal ranges of movement of the 
femoral head. 


Normal Ranges of Movement 


In the specimens used for these studies, continuity of the femur was not dis- 
turbed and the capsule remained intact and normally pliable. The excursions of 
the head and ligamentum teres in these specimens were therefore kept within phys- 
iological limits. The relationship of the teres to the fossa in its funetional anat- 
omy is shown in Figures 3 through 7. 

In flexion and extension of the intact hip, the head rotated more nearly in 
the plane of the acetabular rim. At approximately 90 degrees of flexion of the hip 
the ligament was flattened and had little or no twist. In this position (sitting or 
quadruped) the ligamentum teres had its most anatomical appearance (Fig. 3). 

In acute flexion there was approximately 60 degrees of posterior rotation of 
the femoral head. As a result, the ligamentum teres was slightly twisted at its 
insertion (Fig. 4). 

In the standing position or in supine recumbency, the head rotated anteriorly 
approximately 70 degrees from the quadruped position. In so doing, the ligamentum 
teres was moderately twisted (Fig. 5). 

In hyperextension the head rotated further anteriorly, approximately 85 to 
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90 degrees. Consequently, there was more twisting of the ligamentum teres (Fig. 6). 

In external rotation (moderate anteversion) the ligamentum teres and fove: 
moved forward and occupied positions more nearly related to the anterior margins 
of the fossa (Fig. 6). 

Internal rotation of the normal hip (moderate retroversion) placed the foveal 
end of the ligament in close contact with the posterior margins of the fossa (Fig. 7). 

Adducetion of the femur tipped the head into a slight degree of valgus position. 
This caused slight stretching of the ligamentum teres as the fovea moved supe- 
riorly in, but not out of, the fossa. 

These observations indicate that in normal ranges of hip movement the fove: 
capitis femoris, together with the insertion of the ligamentum teres, may occupy 
any part of the roughly square acetabular fossa. Furthermore, it is impossible for 
the fovea or any significant part of the ligamentum teres to leave the area of the 
fossa. This remains true as long as the femoral head maintains continuity with 

the neck which, in turn, is controlled 
by an intact hip-joint capsule. 


Abnormal Ranges of Movement 
One of the hip specimens previously 
studied was artificially fractured in 


Position of head fragment is comparable 
to that of sitting or quadruped position of 
intact hip, as seen in Fig. 3. Ligament is re- 
laxed, without twisting or stretching. This is 
position of maximal bleeding (Fig. 1. A). 
This was the starting position for rotational 
studies. 


the subeapital area. This created a 
symmetrical proximal head fragment. 
Uninfluenced by bone or soft-tissue at- 
tachments to the neek, the head was 
free to move in abnormal ranges. Stud- 
ies were confined to the effect of ab- 

Fig. 8 normal ranges of rotation and valgus 

position on the ligamentum teres. 

The abnormal degrees of rotatory movements made by the free head frag- 
ment were drawn by an artist from direct observation and photographs of the 
specimen. These show the amount of twisting in the ligamentum teres at each 90- 
degree increment of rotation anteriorly and posteriorly (Figs. 8 through 10-C). 

fotation was started with the head fragment in the position shown in Fig- 
ure 8. This is the position in which the ligament is flattened and untwisted. It is 
also the position which seemed to allow maximum active bleeding from each of 
the heads observed at arthroplasty. From the starting position, increasing degrees 
of anterior rotation of the femoral head resulted in the progressive twisting de- 
formity of the ligamentum teres shown in Figures 9-A through 9-D. From the 
same starting position, rotation of the head fragment posteriorly resulted in in- 
creasing degrees of twisting of the ligamentum teres in the opposite direction 
(Figs. 10-A, 10-B, and 10-C). 

As clearly shown in these drawings, increasing degrees of rotation in either 
direction produced greater amounts of twisting of the ligament. With increasing 
twisting the ligament became thicker and shorter, and fitially doubled on itself. 
Since the depth of the fossa remained constant, it is easy to see how portions of 
the ligament, twisted into increasing bulk, became compressed. The progressively 
greater amount of twisting and the compressing force of the unchanging space of 
the fossa could easily account for the cessation of foveal blood supply to the head 
fragment. 


No rotation | 
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Tilting the free head fragment into extreme valgus position caused the fovea 
to move superiorly out of the acetabular fossa. As a result, the ligamentum teres 
became taut, and its insertion was compressed between the cartilaginous surface 
of the head and the lunate cartilage of the acetabulum (Fig. 11). This situation 
would lead to complete interruption of the foveal blood supply. 


DISCUSSION 
No other fractures have received as much attention as intracapsular fractures 
of the hip. This is particularly true of the more medial subeapital fractures. Yet, 
paradoxically, their management universally yields a high percentage of poor 
results. There would seem to be two main reasons for this: the mechanica! dis- 
advantages peculiar to the bone anatomy of the area and the vulnerability of the 
blood supply to the femoral head. During the past twenty-five years significant 


Fic. 9-C Fic. 9-D 
Figs. 9-A through 9-D: Note progressive increase in twisting, shortening, and thickening 
of ligamentum teres resulting from 90 degrees, 180 degrees, 270 degrees, and 360 degrees of 
anterior rotation. 
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10-A 


270°P 


Fic. 10-C 11 


Figs. 10-A through 10-C: Note progressive increase in twisting, shortening, and thickening 
of ligament resulting from 90 degrees, 180 degrees, and 270 degrees of posterior rotation. 

Fig. 11: Capital fragment has been tilted into an abnormal degree of valgus position. 
This has drawn the ligament taut over the convex surface of the head. The fovea with its 
teres insertion has moved superiorly out of the fossa. Ligament is compressed at the superio: 
margin of fossa; its loose synovial covering is thrown into folds. 


advances have been made in our knowledge of this fracture. Nevertheless, the wn- 
solved fracture is still not a misnomer. 

Since the introduction of the three-flanged nail for intra-osseous transfixation 
of these fractures, treatment has gradually become more uniform. Today most of 
us would agree that the basic criteria of treatment are: 

1. Reduction at the earliest possible moment; 

2. Avoidance of further trauma to the fracture site, before and during reduc- 
tion; 

3. Reduction anatomically or in slight valgus position, as determined by 
anteroposterior and lateral roentgenograms; 

4. Maintenance of reduction until there is evidence of bone union and, per- 
haps, for a longer period. 

The degree to which these criteria are followed varies, naturally, with each 
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d 
Fic. 12 

Schematic representation of blood supply to the femoral head as affected by different 
types of subcapital fractures. A: Intact femoral head with uninterrupted blood supply 
through the intra-osseous, retinacular, and ligamentum teres vessels. B: Lineal subcapital 
fracture without displacement resulting in interruption of intra-osseus blood supply only. 
C: Subcapital fracture impacted in moderate valgus position without rotation. Retinacular 
and teres blood supplies intact. D: Subecapital fracture with free femoral head in rotatory 
malposition. Head is avascular because rotation has resulted in tearing of the retinacular 
vessels and severe twisting of the ligamentum teres. 


surgeon. The individual variations are most evident in postoperative management, 
particularly regarding the time at which weight-bearing is first allowed. Yet 
even the most meticulous surgeon is too often dissatisfied with his results. 

In addition to maintenance of reduction, good results presuppose an adequate 
blood supply to the fracture fragments. Anything which happens at the fracture 


Fic. 13-A Fic. 13-B 


Subcapital fracture. Symmetrical head in 90 degrees of anterior rotatory malposition. Fig. 
13-A: Anteroposterior view. Continuity of pattern of stress trabeculae from head to neck 
across fracture line. Fovea, barely visible, opposite acetabular fossa. Fig. 13-B: Lateral view. 
Trabecular pattern of head and neck continuous across fracture. Fovea not seen. 
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Fic. 14-A 14-B 


Subcapital fracture. Symmetrical head in 90 degrees of anterior rotatory malposition. Fig. 
14-A: Anteroposterior view. Trabecular pattern of head and neck do not match at fracture 
line. Fovea is not seen. Fig. 14-B: Lateral view. Trabeculae of head and neck not anatomi- 
cally related at fracture line. Fovea seen in posterior part of head fragment. 


Fie. 15-A Fic. 15-B 


Subcapital fracture. Symmetrical head fragment in 180 degrees of posterior rotatory mal- 
position. Fig. 15-A: Anteroposterior view. Stress trabeculae belonging in lower half of head 
fragment shown in upper half and unmatched with trabecular pattern across fracture line. 
Fovea in superomedial part of fragment. Fig. 15-B: Lateral view. Same unmatched trabecular 
pattern at fracture line. Fovea not visualized. 


site initially, or later, to jeopardize the circulation to the head will qualify the 
final result. 

Normally, the circulation to the intact femoral head is made up of three 
groups of vessels: the intra-osseous vessel system, the retinacular vessels (anterior, 
superior, and inferior), and the foveal vessels through the ligamentum teres (Fig. 
12, A). A linear subeapital fracture without impaction or displacement will inter- 
rupt only the intra-osseous blood supply to the head. If the head fragment remains 
undisplaced the retinacular and ligamentum teres blood supplies may remain un- 
changed and the outlook should be good (Fig. 12, B). 

If a subeapital fracture is impacted in valgus position, the prognosis is usually 
good. The results seem to depend on what happens to the superior retinacular and 
ligamentum teres blood supplies. If the fracture occurs distal to the entrance of 
the superior retinacular vessels and if the degree of valgus deformity is not too 
great, both sources of supply may remain intact and the outlook should be good 
(Fig. 12, C). If the impaction occurs at, or proximal to, the entrance of the superior 
retinacular vessels, this souree of blood supply is lost. 

Most of our problems arise in management of the unimpacted symmetrical 
free femoral-head fragment. Rotatory movements of the head at the time of 
trauma, or by later handling of the fracture, ean tear all retinacular supply to the 
head. If rotation is continued far enough the resulting twisting of the ligamentum 
teres will interrupt its blood supply (Fig. 12, D). 

It would seem that not enough attention has been given to the effeets which 
abnormal degrees of rotatory movement of the free femoral head may have on 
its own blood supply. It is the contention of this study that the rotational move- 
ments of the femoral head can be as destructive to its blood supply as any other 
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Fic. 16 


A: Coronal section of intact hip showing normal relationship of ligamentum teres to ace- 
tabular fossa. B: Similar view of subcapital fracture with head fragment in extreme valgus 
position. Ligamentum teres insertion has left fossa superiorly, is overstretched, and com- 
pressed between lunate surface of acetabulum and femoral head. This position, from initial 
impaction or elective nailing, could result in avascularity of the head. 


form of displacement. Assuming this is true, how can one determine at the time 
of reduction whether or not rotatory malposition is present? This might be done 
in one of two ways: open reduction preceding, or associated with, hip-nailing, and 
roentgenographic examination. 

For obvious reasons, routine open reduction is not desirable. On the other 
hand, the information available from roentgenograms is limited. Routine antero- 
posterior and lateral roentgenograms of the fracture site, made either preopera- 
tively or after reduction, properly assess apposition and alignment as well as angu- 
lation deformity. However, such roentgenograms usually do not demonstrate the 
presence or absence of rotational deformity of a symmetrical head fragment. 

To illustrate this point, a hip specimen, denuded of all soft tissue, was arti- 
ficially fractured to create a subcapital fracture with a symmetrical head frag- 
ment. The femoral head was then anatomically related to the femoral neck and 
transfixed by a wooden screw passed through the central neck from the lateral 
upper portion of the femur. By slight back-turning of the transfixation screw the 
head could be loosened from the neck and placed in various degrees of rotatory 
malposition. 

Anteroposterior and lateral roentgenograms were made to show the hip in 
complete anatomical reduction with no rotation of the head (Figs. 13-A and 
13-B). Similar views were made with the symmetrical head fragment in 90 de- 
grees of rotatory malposition (Figs. 14-A and 14-B) and also in 180 degrees of ro- 
tatory malposition (Figs. 15-A and 15-B). 

The details of bone structure in these roentgenograms are unusually good. 
This, of course, is due to the fact that there is no interposition of soft tissue. The 
loss of continuity of trabecular-bone pattern across the fracture site, together 
with changing positions of the fovea, demonstrate the presence and approximate 
the degree of rotatory malposition of the head fragment. 

As these roentgenograms show, it is possible for a hip to be nailed in various 
degrees of rotatory malposition despite apparent anatomical relationship of head 
and neck. Depending on the direction and degree of this rotation, circulation to 
the femoral head could be affected (Table I). 

Once a capital fragment is fixed to the femoral neck in rotatory malposition, 
the effect of subsequent hip movements on the ligamentum teres is changed. Here 
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a situation is created wherein the foveal blood supply may be active in certain 
positions of hip movement and deficient or absent in others. 

If rotational malposition is extreme, in either direction, the femoral head will 
be avascular regardless of the position of the hip—a situation which would likely 
lead to non-union and primary aseptic necrosis. 

If the rotation deformity is moderate, the subsequent course of healing might 
well depend on the positions of the hip maintained during convalescence and later. 
For example, in moderate posterior rotatory malposition one could anticipate an 
active blood supply to the head fragment during the initial months of reeum- 
beney, when the hip is in the extended position most of the time. This would en- 
courage primary union. Yet subsequent uses of this hip in positions of flexion 
might result in ischaemia; this could ultimately lead to delayed aseptic necrosis 
or degenerative arthritis. 

Malpositions other than rotational also influence the blood supply to the fem- 
oral head. Of these, only the extreme valgus position deserves further com- 
ment. Although slight valgus position in reduction may be desirable, the extreme 
valgus position should be avoided. In this position the insertion of the liga- 
mentum teres leaves the acetabular fossa superiorly and, with its vessels, becomes 
compressed between the lunate surface of the acetabulum and the femoral head 
(Figs. 2, 11, and 16). 


TABLE I 
Effect on Circulation 
Type of Deformity in Various Positions of Hip 
Movement 


Extreme rotatory or valgus Complete interruption of blood supply 
malposition 

Moderate posterior rotatory Active blood supply on extension; slowed 
malposition or interrupted blood supply on flexion 

Moderate anterior rotatory Active blood supply on flexion; cessation 
malposition of blood supply on extension 

Moderate valgus Active blood supply in abduction; slowed 


or interrupted blood supply in adduc- 
tion 


From the observations presented, it would seem that rotatory malposition and 
extreme valgus position might have considerable clinical significance. If tiiis is so, 
their deteetion and correction should be added to our criteria of management. 


SUMMARY AND CONCLUSIONS 

Fifty-six open hip operations of different types afforded an opportunity to 
study the blood supply to the femoral head. In forty-four instances the ligamentum 
teres was cut; 70 per cent bled actively. Twenty-four capital fragments were 
examined in situ for the presence of active bleeding from their cancellous sur- 
faces. Four were avascular, twelve bled sluggishly, and eight bled actively. 

The eight heads were studied for the effects of various malpositions on their 
bleeding activity. Rotatory malposition, either anterior or posterior, interrupted 
active bleeding from the head fragments. Of the non-rotatory malpositions, only 
the extreme valgus position consistently interrupted bleeding. 

Related anatomical studies were carried out on fresh cadaver specimens to 
determine the effects of normal and abnormal ranges of femoral-head movement 
on the ligamentum teres and its foveal vessels. The conclusions are: 

1. In the intact hip it is impossible for the ligamentum teres to become suffi- 
ciently twisted, stretched, or compressed to interrupt its supply of blood to the 
femoral head. 
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2. In the fractured hip abnormal degrees of rotation of the free femoral frag- 
ment can easily result in twisting, stretching, and compression of the ligamentum 
teres to the point of complete interruption of its blood supply. 

3. Rotatory malposition may be present and yet not be noticed in an other- 
wise anatomically reduced fracture. 

4. Extreme valgus position interrupts foveal blood supply and should be 
avoided. 

5. Fixation of subeapital fractures in either rotatory malposition or in ex- 
treme valgus position could account for many instances of delayed union, non- 
union, aseptic necrosis, and degenerative arthritis. If this is so, detection and cor- 
reetion of these malpositions should be added to our criteria of management. 


Congenital Muscular Torticollis in Infancy 
SoME OBSERVATIONS REGARDING TREATMENT 


BY MARK B 


COVENTRY, M.D., AND LLOYD E. HARRIS, M.D., ROCHESTER, MINNESOTA 


From the Section of Orthopaedic Surgery and the Section of Pediatrics, 
Mayo Clinic and Mayo Foundation *, Rochester 


The clinical entity seen in the infant and involving the sternocleidomastoid 
muscle, and generally termed congenital muscular torticollis, has been well recog- 
nized for centuries. Soon after birth a mass appears in the belly of the sternocleido- 
mastoid muscle (Fig. 1). This is accompanied by a tilt of the head to the side of 
the muscle involved and by a rotation of the head so that the chin points to the 
opposite shoulder. After a time this muscle mass or tumor disappears. The mass 
and the tilt and rotation of the head and neck are accompanied by asymmetry of 
the skull and facial bones. This asymmetry tends to lessen and in fact disappear 
as time goes on, unless the wryneck becomes a permanent deformity. 

The pathogenesis of this condition is obscure. All that can be definitely said 
at present is that it is probably not due to muscle tearing or hemorrhage at birth 
and that it is therefore not a birth injury per se. It is a well known fact that there 
is a high frequeney of breech presentation of infants with congenital muscular 
torticollis. Lidge and associates in a recent extensive review of the literature 
concerning the etiology and pathology of congenital muscular torticollis cited 
cighty-seven references on this phase of the problem. Intriguing though investi- 
gation of the pathogenesis may be, unless it provides some means of prevention 
or an improvement in methods of treatment, it is perhaps of less practical use than 
the critical evaluation of treatment in a closely followed group of patients for 
whom both operative and non-operative methods are used. 

Certainly the diagnosis of congenital muscular torticollis in infaney should 
be readily made by any informed physician today. But what form of treatment 
should be employed? There is no agreement whatsoever as to what constitutes 


*The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the 
University of Minnesota. 
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satisfactory treatment of this condition. This is perhaps due to the iact that 
since the pathogenesis is obscure the rationale for treatment also remains obscure. 
Available are physical therapy measures such as stretching and massage, or surgi- 
cal measures which consist in either section of the sternocleidomastoid muscle, 
removal of the tumor itself, or a combination of the two. Many writers have ad- 
vocated non-operative or conservative treatment. Chandler and Altenberg have 
perhaps been the most ardent exponents of operative treatmcat. In discussing this 
problem they, of course, distinguished between section of the sternocleidomastoid 
in older children whe have not recovered from the initial congenital muscular 
torticollis and who have a contracted sternocleidomastoid and a wryneck deform- 
ity, and treatment of muscular torticollis of infants with a tumor of the sterno- 


men?r 


involve 


Asymmetry 


sf 


De gree 


10 12 14 46% 18 20 22 24 
Age of patient in weeks 
Fia. 1 


Extent of involvement by sternocleidomastoid tumor and extent of asym- 
metry of face and skull according to age of patient. 


cleidomastoid musele. Chandler stated, “In view of the satisfactory results ob- 
tained by surgery in older children, it is debatable whether or not infants should 
be subjected to operation. In our cases only those who present the most severe 
contractures and the most extensive ‘tumors’ have been operated upon. We be- 
lieve, however, that if we can prevent a deformity, rather than await its develop- 
ment, surgery is indicated. Surgical judgement must be exercised in its highest 
degree in the selection of cases. Our resv’ « have been so uniformly good and 
without complications tha we lean towards te surgical approach to the situation, 
possibly more than may seem justified.” 

Chandler’s view leaves the orthopaedist and the pediatrician in a dilemma, 
for nowhere does he mention just what criteria should be applied relative to 
“Surgical judgement must be exercised in its highest degree in the selection of 
cases.” In other words, how is one to know upon which patient to operate? Are 
only the patients with the larger tumors to be selected for operation? How can 
one predict which infant will recover without operation? The present study was 
made in an effort to resolve this dilemma, at least in part. 

MODE OF STUDY 

hr a January 1, 1944, through December 31, 1954, thirty-five infants with 
congenital neonatal muscular torticollis were examined at the Mayo Clinic. Thirty 
of these infants were born in Rochester, Minnesota. Five were born in nearby areas 
but were seen by us shortly after birth. They were all examined by a pediatrician 
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on the first and fifth days of life and then at regular monthly intervals in the 
well-child clinic. When the sternocleidomastoid tumor was found in each of these 
infants, an orthopaedist was consulted. Each patient had, in addition to the tumor, 
some degree of tilt of the head and asymmetry of the skull and facial bones. 
Data on the mother’s pregnancy and the delivery, including type of presentation, 
were noted. We examined thirty of the thirty-five patients one year or more after 
birth. The remaining five patients moved away and were examined by physicians 
in their home communities and the data of the follow-up examination were trans- 
mitted to us by these examining physicians who, in all cases, were the fathers of 
the patients and former fellows of the Mayo Foundation. 

During the years 1944 through 1954 there were approximately 7,835 infants 
born to residents of Rochester, Minnesota. The proportion of these infants fol- 
lowed during these ten years at the well-child clinic averaged 95.3 per cent. There 
were thirty sternocleidomastoid tumors in infants born in Rochester during this 
period, making the incidence of congenital muscular torticollis approximately 0.4 
per cent. 


TABLE I 
Sex, BirtH PRESENTATION, AND Sipe INVOLVED 
Thirty-five Patients 


No. of Cases 


19 
Male 16 


Presentation 
Breech (40%) 
Vertex (60%) 
Side of sternocleidomastoid tumor 
Right (9 breech, 7 vertex) 
Left (4 breech, 14 vertex) 
Bilateral 


TABLE II 
Resutts OF TREATMENT 
Result 
Therapy Excellent Poor 
Physical 24 
None 
Surgical* 


Total 


* Three had preliminary physical therapy; two had no preliminary treatment. 


OBSERVATIONS 

Nineteen of the patients were girls and sixteen were boys (Table I). The 
sternocleidomastoid tumor was discovered, on the average, 3.5 weeks after birth. 
Chandler and Altenberg stated that it occurs between birth and ten to fourteen 
days thereafter, and Hulvert said that it occurs about ten days after birth. In 
the computation of the average for our series, two patients were omitted; one of 
these was not seen until the age of four months, at which time the tumor was 
resolving, and the other was not seen until the age of three and one-half months, 
at which time the tumor was of considerable size. 

The tumor disappeared at the average age of 1ourteen weeks (Fig. 1). In 
about half the patients it was first discovered by che examining physician at the 
approximate age of four weeks, and in the other half it was discovered by the 
mother when the child was two weeks old. Many mothers did not know of its 


VOL, 41-A, NO. 5, JULY 1959 


| 
4 
aay 
i 
<i 
J 
i 
sex 
at 
- 
= = — 
= 
| 


818 


existence, which is proof that these tumors are often not seen or found by the 
parents and is reason for the lack of history of tumor in many of the patients seen 
in later life with classic wryneck deformity. 

The gestational histories of the mothers of these thirty-five infants were not 
unusual. Sixteen mothers were multiparae and nineteen were primiparae. The pre- 
sentation was breech in fourteen (40 per cent) and vertex in twenty-one (60 
per cent). The breech presentations were left in eight infants and right in six. 
The vertex presentations were right in nine and left in nine, and the side was not 
known in three. The left sternocleidomastoid was involved in eighteen infants, 
the right in sixteen, and both sides in one. Of the breech presentations themselves, 
nine were associated with involvement of the right sternocleidomastoid, four with 
the left, and one with both muscles. This finding was just the opposite of that 
for the vertex presentations, in which the right side was involved in seven and 
the left in fourteen. Thus, in the breech presentations there was approximately a 
2:1 preponderance of the right side over the left, but in the vertex presentations 
there was a 2:1 preponderance of the left over the right. We do not know the 
significance of these figures. 


M. B. COVENTRY AND L. E. HARRIS 


Sternocleidomastoid muscle (hematoxylin and eosin, X 125). Note fi- 
brosis interspersed among the muscle fibers. 


The foregoing observations relative to sex, presentation, and side involved 
do not differ significantly from those of other authors; we have not, however, 
seen any reference elsewhere to the finding that the side involved varies with the 
type of presentation. Only two mothers had excessively traumatic deliveries; in 
one of these instances the obstetrician recorded a difficult vertex delivery and the 
infant had a subsequent brachial-plexus palsy; in the other the infant was deliv- 
ered by breech and experienced a fracture of the clavicle at birth. The latter 
patient was the only one with bilateral congenital muscular torticollis. There were 
no associated congenital anomalies in the thirty-five patients except in one with 
possible dysplasia of the hip which was corrected completely with an abduction 
diaper splint. 


Results of Treatment 

As mentioned previously, the initial treatment of this condition can be directed 
either toward stretching and massage of the involved muscle or toward sectioning 
of the muscle with or without removal of the tumor. It should also be mentioned 
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that the condition can simply be observed, without active treatment of any kind 
being instituted. The patients who received physical therapy in this series were 
usually treated by the mother after instruction by a member of the Section of 
Physical Medicine and Rehabilitation. In some instances the pediatrician or the 
orthopaedist instructed the mother, and in a very few instances the patient. re- 
ceived professional physical therapy in the Section of Physical Medicine and 
Rehabilitation for several weeks. It is obvious that the quality and quantity of 
physical therapy administered by mothers to their infants are extremely variable. 

Results were graded as excellent or poor. An excellent result was one in which 
the patient had no remaining tumor, no apparent deformity of the neck, and no 
asymmetry of the face or skull. One may argue that all patients have some asym- 
metry of the face; we agree. But these children classed as having excellent results 
had no obvious or abnormal asymmetry a year or more after birth. A poor result 
was classed as one in which the patient had costracture of the sternocleidomastoid 
muscle with typical wryneck, that is, with head tilt, tight short muscle, and asym- 
metry of the face and skull. 

All twenty-four patients who received physical therapy alone had excellent re- 
sults (Table II). Six patients were not treated. They did not have lesser degrees of 
congenital muscular torticollis, but they were not treated because the pediatrician 
and the orthopaedist caring for them believed that they should be observed only. 
All six had excellent results. The remaining five patients were treated surgically. 
Physical therapy was first used in three; no preliminary treatment was given in 
two. Three of the five had excellent results, but two had postoperative recurrence of 
the deformity which required reoperation, and their results were therefore classi- 
fied as poor. A closer analysis of the five surgical patients follows. 

The first patient was observed to have the tumor at four weeks of age. Stretch- 
ing was carried out without apparent improvement. At the age of four months, 
although the mass was much smaller, the muscle was tight and asymmetry was 
present. The sternocleidomastoid muscle was sectioned at the claviceular end, and 
the distal portion including the tumor was removed (Fig. 2). The head was im- 
mobilized in the overcorrected position for four weeks by a large felt dressing 
and bandage. 

The second patient was observed at five weeks of age to have a tumor in the 
sternocleidomastoid muscle. The pediatrician and the orthopaedist were concerned 
about the exact nature of the tumor; as a result, excisional biopsy was performed 
when the patient was two and one-half months old. Study of microscopic sections 
confirmed the presence of a classic sternocleidomastoid tumor as seen in congenital 
muscular torticollis. No immobilizing dressing or physical therapy was used post- 
operatively. This infant had an excellent result. 

In the third patient a tumor in the sternocleidomastoid muscle was diagnosed 
at one month of age. When the infant was three months old the muscle was sec- 
tioned at the clavicular end and the distal two thirds resected. Scar replacement 
of the lower two thirds of the muscle was seen. An immobilizing dressing in an 
overcorrected position was used postoperatively. An excellent result was obtained. 

The fourth patient was observed to have a sternocleidomastoid tumor at three 
and one-half weeks of age. Physical therapy was instituted by the mother and 
her technique was checked frequently by a consultant in the Section of Physical 
Medicine and Rehabilitation. Stretching was found to be rather difficult because 
the baby cried and seemed, at times, to have difficulty breathing when the position 
of the neck was corrected. When the baby was six months of age, although the 
tumor had disappeared, the muscle continued to appear tight and the head tilted. 
The sternocleidomastoid tendon was sectioned at the sternal and clavicular heads, 
and the cut ends were allowed to retract. Apparent correction was obtained with 
this procedure, but at the age of four years the patient was called in for examina- 
tion for the purpose of the present study. Wryneck deformity was found to exist. 
The roentgenographic appearance of the cervical part of the spinal column was 
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Fic. 3-A Fic. 3-B 
Fig. 3-A: Before section of sternocleidomastoid muscle in Patient 5. 
Fig. 3-B: Eight months after section of muscle. 


Fic. 3-C Fic. 3-D 
Fig. 3-C: Tight sternocleidomastoid muscle with mild torticollis at the 
age of ten vears. 
Fig. 3-D: Three months after section of tight tendon and deeper strue- 
tures 


normal. The deformity was due to contracture in the lateral portion of the sterno- 
cleidomastoid and in the platysma. The tight cervical fascia, the platysma muscle, 
and a few fibers of the remaining portion of the sternocleidomastoid muscle on 
the right were cut, and the sternoclavicular heads of the sternocleidomastoid on 
the left were sectioned as well. The surgeon thought this was indicated for cos- 
metic reasons because of the asymmetry of these tendons. Normal muscle and 
tendon were identified by the pathologist. The patient was last seen in 1958, three 
years later. There was slight tilt of the head to the right along with slight con- 
tracture in what appeared to be the platysma muscle. Further stretching and 
Inassage Was advised. After the first operation, no immobilizing cast or dressing 
in an overeorrected position had been used, but active stretching had been en- 
couraged soon after operation. The same procedure was followed after the second 
operation. At the first operation the muscle was sectioned near its attachment to 
the sternum and clavicle and the cut ends were seen to retract. At the second 
operation, sectioning was carried out more laterally. 

The fifth patient was observed to have a tumor in the left sternocleidomastoid 
muscle at two weeks of age. Physical therapy was instituted at the age of one and 
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one-half months, much of which was given in the Section of Physical Medicine 
and Rehabilitation. It was considered adequate and was intensive. At the age of 
nineteen and one-half months, however, although the tumor had disappeared, there 
was still tightness in the sternoclavicular portion of the sternocleidomastoid muscle 
(Fig. 3). It was therefore elected to section the tendon at the sternal and clavicular 
insertions. The tendon was seen to separate for about one inch after being cut. 
Postoperatively the head was put in a traction sling and a sandbag was used to 
maintain the corrected position, but it was noted from the history that the patient 
was somewhat uncooperative and did not remain in the sling. He was given exer- 
cises postoperatively, but no immobilizing cast or dressing in the overcorrected 
position was used. When he was called back for examination, as a part of the pres- 
ent study, at the age of ten years, tight contractures were present in the left 
sternocleidomastoid muscle (Fig. 3-C). The skin, subcutaneous tissue, platysma 
musele, and clavicular head of the sternocleidomastoid, together with the deep 
fascia and carotid sheath, were sectioned. A centimeter or so of the tendon was 
excised. Microscopic study showed tendon and fibrous tissue. A cast was applied 
postoperatively with the head in an overcorrected position and immobilization 
maintained for six weeks. The cast was then removed and active exercises encour- 
aged. The result was excellent and has remained so, with no asymmetry or tilt 
of the head (Fig. 3-D). The sectioned muscle is, of course, smaller than the normal 
one. 

In the years 1944 through 1947 we had fifteen patients with congenital mus- 
cular torticollis, four of whom were operated upon. In the years 1948 through 
1954 we had twenty patients with congenital muscular torticollis, only one of whom 
was operated upon. This makes obvious our thinking regarding treatment of this 
condition. It is also obvious that we had no clear-cut criteria for the selection of 
patients for surgical treatment, and that our results do not indicate what would 
have been the fate of the surgical patients if they had instead been treated non- 
surgically. 


SUMMARY AND COMMENT 


This study of congenital muscular torticollis in infancy is continuing. The 
data obtained so far may be summarized as follows: 

1. The tumor in the sternocleidomastoid muscle was discovered at an average 
age of 3.5 weeks and disappeared at an average age of three and one-half months. 
The longest period between time of appearance and time of disappearance of the 
tumor was five months. Hulbert gave the shortest period as two months, the longest 
as eleven months, and the average as seven months. Chandler gave the average 
period as five to eight months. 

2. Asymmetry of the face and skull, although occasionally present at birth, 
was usually not evident until two and one-half months of age. Said in another 
way, facial asymmetry did not usually appear until about one and one-half months 
after the tumor appeared in the sternocleidomastoid muscle. The asymmetry 
tended to disappear for the most part, but as a rule not completely, by the age 
of six months. We did not detect any appreciable asymmetry in any of the patients 
with congenital muscular torticollis after one year of age, except in two whose 
results we have mentioned as poor. Asymmetry secondary to intra-uterine position 
is observed frequently at birth. This asymmetry is not permanent and has not 
been related to a subsequent development of a sternocleidomastoid tumor. 

3. Two of the thirty-five patients have had residual wryneck. All others had 
excellent results. The two patients with poor results were among the five treated 
surgically. We do not infer that all patients will get excellent results, without 
wryneck deformity, if treated non-surgically; why these two surgically treated 
patients obtained poor results we can only guess. They were operated upon at six 
and nineteen and one-half months of age, respectively. No immobilizing cast or 
dressing in the overcorrected position was used. It is the impression of some ! that 
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the overcorrected position should be maintained postoperatively to prevent reat- 
tachment of the sectioned muscle and tendon. 

4. It is frequently said that no tumor exists in infants with well established 
wryneck, and it is even said that there may be two entities—one with tumor and 
one without. More accurately, it should be stated that there is no history of tumor 
in many patients with wryneck. Bianco found the incidence of wryneck without 
history of tumor to be about 80 per cent—only about 20 per cent of the patients 
with well developed wryneck deformity had a positive history of sternocleido- 
mastoid tumor. Our studies throw some light on this point. Thus, as we have 
recorded, a sternocleidomastoid tumor was first found by the mother in 50 per 
cent of the infants in our study; in the other half it was missed by the mother, 
but was found by the physician during routine examination. Our study approaches 
the problem in the neonatal and early infancy periods and is based on examination 
of unselected infants; it is not a study based on infants brought to the physician 
because of tumor in the sternocleidomastoid muscle. We believe, therefore, that it 
presents an index of incidence, natural history, and results. 

Statements *° in the literature imply that as the neck begins to undergo rela- 
tive lengthening at about the age of three years, the involved sternocleidomastoid 
fails to grow with corresponding rapidity, so that the onset of true wryneck occurs. 
Why does this occur in very few children? Why not in all? Is it a matter of degree 
of involvement by the tumor, that is, a matter of the ratio of normal muscle 
remaining to muscle replaced by fibrous tissue? Perhaps if enough normal muscle 
remains, it can grow, stretch, and otherwise adapt to the environment of growth 
and development, and no deformity will result. 

Hulbert stated that four of every five tumors resolve completely and leave 
no deformity. In only two of thirty-five patients have we seen the tumor go on 
to produce deformity. When last examined, fifteen of our patients were one to 
four years of age, and twenty were four to twelve years of age; none of the twenty 
had wryneck deformity. It weule seem from this number of traced patients that 
the incidence of development of torticollis after the tumor disappeared may be 
considerably less than the 20 per cent cited by Hulbert. 

It is concluded that there is no justification for operating upon all patients 
with congenital muscular torticollis in infancy. If there is detectable wryneck 
deformity with contracture of the sternocleidomastoid muscle after the age of one 
year, this muscle should be sectioned then because the deformity at that age may 
be permanent. However, from our experience (Patient 5 after second operation) 
and that of others ** there is every indication that an operation at any age up to 
twelve years will give as good a result as an operation at any earlier age. If the 
operation is properly carried out, there should be no residual deformity of the neck, 
except for atrophy of the sectioned muscle, which will occur if an operation is done 
at any age. The asymmetry of the skull and face will correct itself as long as 
growth potential is present. The child will grow and these bones will be reshaped 
in the absence of the deforming pull of a tight sternocleidomastoid muscle. 
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Results of Treatment of Congenital Dislocation 
of the Hip* 


BY IGNACIO V. PONSETI, M.D., AND EDGAR R. FRIGERIO, M.D., IOWA CITY, IOWA 


From the Department of Orthopaedic Surgery, State University of Iowa, lowa City 


Beginning in 1942, some changes were introduced in the treatment of con- 
genital dislocation of the hip at the State University of Iowa™*. The period 
of immobilization in a plaster cast was reduced to a maximum of five months; 
usually three months in the first position, and six weeks or two months in the 
second position. This was followed by a prolonged period of functional after- 
treatment, controlled with an abduction bar or an abduction brace. At county 
medical society meetings the general practitioners, pediatricians, and obstetri- 
cians were instructed in the recognition of early clinical signs of this disorder. 
Early diagnosis made treatment of dislocation of the hip possible in the first 
years of life and often in early infancy. The results obtained from 1942 to 1950 
in those patients who were initially treated before the age of four years are 
now reviewed. 

The cases were classified in three groups: preluxations, subluxations, and 
dislocations. Hip preluxations were seen in infants under eight months of age 
and were characterized clinically by the snapping sign ®. The displaced femoral 
head snapped into the center of the acetabulum by pressing the greater trochanter 
forward and abducting the thighs. In the roentgenograms the upper part of the 
femur appeared displaced upward or laterally (Figs. 2-A through 2-D). 

In the group of hip subluxations were included children over six months of 
age with a limited range of hip abduction, but with a negative snapping sign. In 
the roentgenograms the small center of ossification of the femoral head appeared 
to rest under and lateral to the outer edge of the ossified portion of the sloping 
acetabular roof (Fig. 3). This deformity appeared to be more severe than the 
preluxation and could only be reduced after muscle relaxation achieved with 
either general anaesthesia or the application of an abduction brace or cast for 
several days or weeks. 

The femoral head was shown to be above the margin of the ossified portion 
of the acetabular roof in the roentgenograms of patients with conditions classi- 
fied as dislocations (Fig. 4). Hip abduction was often severely limited but the 
snapping sign was negative. General anaesthesia was required for the reduction 
of this advanced deformity. 

Hip preluxations, subluxations, and dislocations represent stages in the de- 
velopment of congenital dislocation of the hip. During the first year of life no 
clear line of demareation exists between preluxations and subluxations. Like- 
wise, during the second and third years the distinction between severe sub- 
luxations and low dislocations may be difficult, even with arthrograms. Leveuf’s 
contention * that these two conditions are unrelated is not supported by the 
extensive anatomical studies of Ortolani*. However, although some cases may 
overlap, the classification is useful for the selection of treatment and the evaluation 
of results. 

After excluding cases of spina bifida, anterior poliomyelitis, and cerebral 
palsy, the records of seventy-eight patients with congenital dislocation of the 
hip were available. Nine patients had moved out of the state and could not be 


_*Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, 
Chicago, Illinois, January 28, 1959. 
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traced and five with arthrogryposis and teratological dislocation of the hips 
were excluded from the study. The remaining sixty-four patients were examined 
by the authors during the past six months, eight to sixteen years after initial 
treatment. Roentgenograms of the hips in neutral and Lauenstein’s positions were 
made. This group included six patients with seven subluxations, fifty-four with 
seventy dislocations, and four with dislocation in one hip and subluxation in 
the other. 


Fic. 1 


The three types of bracing used in children initially treated prior to walking, showing: A, 
the Frejka pillow splint used in infants with mild hip preluxation; B, the abduction brace 
used in infants with hip preluxation and subluxation. The inset shows the posterior view of 
the steel frame and leather; and C, the hip spica plaster cast used in children with unilateral 
or bilateral hip dislocation or subluxation. 


Thirty-two patients with preluxation treated during their first year of life, 
from 1942 to 1954, were also included in the study. In these cases, a four-year 
follow-up was thought sufficient to evaluate the results. The type of dislocation, 
sex, and side of involvement are classified in Table I. 


TABLE I 
Type or DistocatTion, Sex or PATIENT, AND oF INVOLVEMENT 
No.of Patients Total No. of Involvement Total 
Classification Male Female Patients Unilateral Bilateral No. of Hips 
Right Side Left Side 
Preluxation 7 25 - 32 11 14 7 39 
Subluxation 2 4 6* 4 (2*) 1 (2*) 1 11 
Dislocation 6 52 58 18 24 16 74 
Total 15 81 96 33 39 24 124 


*Four patients with subluxation in one hip and dislocation in the other were included in 
the group of unilateral dislocations. 


The snapping sign is the only unequivocal sign indicating that hip preluxa- 
tion will develop into dislocation *. An examination for this sign was not rou- 
tine procedure in our clinic until after the publication of Ortolani’s book in 
1948‘. This sign was positive in eighteen of the thirty-two patients with hip 
preluxation. Six patients with positive signs had bilateral involvement, and 
twelve had unilateral involvement. The sign was not recorded in the remaining 
fourteen, all of whom were seen before 1948. These patients were included in the 
study as preluxations because all were under six months of age, and aside from 
severe limitation of abduction, the upper portion of the femur appeared dis- 
placed upward or laterally in the roentgenograms '* (Fig. 2-A). 

The treatment used was outlined in previous papers 78. However, to obtain 
a complete anatomical restoration of the joint, every case of congenital disloca- 
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Fic. 2-A Fic. 2-B 


Fic. 2-C Fie. 2-D 


Fia. 2-E Fic. 2-F 


Figs. 2-A through 2-F: Roentgenograms of hips with preluxation before and after treatment. 

Fig. 2- A: Roentgenogram of the hips of a one-week-old female infant with preluxation 
of the right hip. The upper portion of the right femur is laterally displaced. Abduction was 
limited to 50 degrees in the right hip. The infant was not examined for Ortolani’s sign. A 
Frejka pillow splint was worn full time for five months. 

Fig. 2-B: Roentgenogram of the hips of a five-month-old female infant with severe pre- 
luxation of the left hip. Abduction was limited to 40 degrees in the left hip. Ortolani’s si 
was positive on the left. An abduction brace was worn full time for four months and at night 
and napping hours for an additional six months. 

Fig. 2-C: Roentgenogram of the hips of a seven-week-old female infant with bilateral 
hip preluxation. Ortolani’s sign was positive bilaterally. An abduction brace was worn full 
time for two months, followed by the application of a pillow splint for an additional three 
eg (Fig. 2-E shows the result at seven years of age. The CE angle is 22 degrees in 
hips.) 

Fig. 2-D: pig we es of the hips of a five-month-old female infant with preluxation 
of the right hip. Ortolani’s sign was positive on the right. An abduction brace was worn 
full time for two months, followed by the application of a pillow splint for an additional 
six months. (Fig. 2-F shows result at eight years of age. The CE angle is 20 degrees in the 
right hip and 22 degrees in the left.) 


tion of the hip requires careful supervision, and some changes in the treatment 
may be necessary from time to time. 

The anatomical results were classified into six groups in accordance with 
the criteria of Severin’. The use of the objective method of measuring the CE 
angle, as described by Wiberg '* diminished the personal factor, especially in 
the cases which were most difficult to judge. The results obtained in the different 
types of dislocations are classified in Chart I. A well developed hip joint was 
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Preluxations Subluxations Dislocations Total 
Cuart | 

Group I: Well developed hip joint. CE angle more than 20 degrees. 

Group II: Moderate deformity of the femoral head, neck, or acetabulum 
in an otherwise well developed joint. CE angle more than 20 degrees. 

Group III: Dysplasia, not subluxation. CE angle less than 20 degrees. 

Group IVa: Subluxation, moderate. CE angle, zero or positive. 

Group IVb: Subluxation, severe. CE angle, negative. 

Group V: Femoral head in a secondary acetabulum in upper part of the 
primary acetabulum. 

Group VI: Redislocation. 


obtained in all preluxations and subluxations. Only 43 per cent of the dislocated 
hips developed well (Group I). However, the femoral head was in a correct posi- 
tion in the acetabulum in 85 per cent of the dislocated hips (Groups I, II, and 
III); subluxation developed in the remaining 15 per cent (Group IVa and IVb). 
No redislocations occurred and thus no results were classified in Groups V and 
VI. 

The importance of early treatment is apparent when the cases are divided 
into three groups. Patients initially treated before one year of age are in Group 
A; Group B includes patients one to two years of age; and Group C includes 
patients two to four years of age (Chart IT). 

Group A: In Group A were included thirty-two patients with thirty-nine 
hip preluxations, six patients with seven subluxations, and eight patients with 
eleven dislocations. 

The patients with hip preluxations—twenty-five unilateral and seven bi- 
lateral—were treated with an abduction brace worn for one to four months, fol- 
lowed by the application of a pillow splint worn for an additional three to six 
months (Fig. 1). A Frejka pillow splint worn for four to nine months was the 
only treatment used for twelve patients. All the patients had perfect anatomical 
results (Figs. 2-E and 2-F). 

The patients with hip subluxations—five unilateral and one bilateral—were 
treated initially with a hip spica plaster cast maintaining the extremities in the 
first position for one to three months. The cast was applied with the patient 
under general anaesthesia in four instances and without anaesthesia in the other 
two. This was followed by the application of an abduction brace, worn for an 
additional two to five months (Fig. 1). The hips developed well in all these 
patients (Fig. 3). 

The patients with hip dislocations—five unilateral and three bilateral— 
were treated by closed reduction while under general anaesthesia, followed by 
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ANATOMICAL RESULTS : 


Wo Wb 


Number of Hips 


A 57 HIPS 
46 patients 
O-1 years of age 


B 32 HIPS 10 
28 patients 
1-2 years of age 


35 HIPS 10 
22 patients 
2-4 years of age 


Head Necrosis 
Osteotomies 
Open reductions 


Preluxations Subluxations Dislocations Total 
Cuarr II 


The anatomical results according to age at initial treatment and 
of “epiphysitis” (necrosis of the femoral head), rotation osteotomy, and open re- 


duction. 


the incidence 


the application of a bilateral plaster hip spica with the extremities in the first 
position extending to just above the knees, worn for two to three months. An 
abduction brace was then worn full time for one to three months, and only at 
night and napping hours for an additional period of three to eight months (Fig. 
1). Eight of the dislocated hips developed well (Figs. 4 and 5). A six-month- 
old girl with a superior prenatal dislocation of the right hip had slight coxa 
vara and the result was classified in Group II. A ten-week-old girl, the only 


Negro patient in our series, with a high bilateral prenatal hip dislocation and 


congenital genu recurvatum had a moderate deformity of the femoral head and 
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Fia. 3 


Roentgenogram showing subluxation of the left hip (inset) in an eleven-month-old male 
infant. A bilateral short plaster hip spica with the extremities in first position was applied 
with the patient under general anaesthesia, and was worn for ten weeks. This was followed 
by the application of an abduction brace, worn full time for three months and at night and 
napping hours for an additional four months. The result (at seventeen years of age) was 
classified in Group I. The CE angle is 22 degrees in both hips. 


neck of both hips (Figs. 6-A and 6-B). This result was also included in Group IT. 

Group B: Twenty-eight patients with thirty-two hip dislocations were one 
to two years of age when treated initially. Four patients had bilateral hip 
dislocation; the left hip was dislocated in fourteen, and the right hip in ten. 

The dislocations were reduced with the patients under general anaesthesia. 
Preoperative skin traction for one week was used in only three patients with 
very high hip dislocation. Subcutaneous tenotomy of the adductor tendons was 
done on six hips. A bilateral plaster hip spica was applied, maintaining the ex- 
tremities in the first position for two to four months with the thighs in 90 degrees 
flexion and about 70 degrees abduction (Fig. 7). The plaster cast extended to 
below the knee on the dislocated side for the first six to ten weeks and then was 
cut just above the knee, removing the lower section for the remaining period. 
After the closed reduction, soft-tissue interposition often prevented a complete 
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Roentgenogram of a dislocated left hip in a seven-month- 
old female infant (inset). The dislocation of the hip was re- 
duced with the patient under general anaesthesia, and a 
bilateral short plaster hip spica with the extremities in first 
position was applied and worn for three months. An abduc- 
tion brace was then worn full time for two months and at 
night and napping hours for six months. The result (at thir- 
teen years) was classified in Group I. The CE angle is 24 
degrees. 
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Pia. 5 
Roentgenograms of the hips of a male infant with dislocation of the right hip and bilateral 
club-foot. The dislocation of the right hip was reduced with the patient under general 
anaesthesia at one year of age, and a bilateral short plaster hip spica was apphed and worn 
for ten weeks. An abduction brace was then worn full time for three months and at night 
and napping hours for eight months. The acetabular roof developed very slowly. The result 
(at seventeen years of age) was classified in Group I. The CE angle is 34 degrees in both 
hips. 
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Fic. 6-A 


Fic. 6-B 

Figs. 6-A and 6-B: Severe bilateral hip prenatal dislocation and genu recurvatum in a 
female Negro infant. The knee deformity was treated by the application of three successive 
plaster casts, changed weekly, bending the knees gradually into flexion. The dislocations 
were end at ten weeks of age with the patient under general anaesthesia, and a bilateral 
long plaster hip spica with the extremities in first position was applied and worn for three 
months. An abduction brace was then worn full time for three months and at night and 
napping hours for six months. The result (at fifteen and one-half years of age) was classified 
in Group II. The CE angle is 20 degrees in the right and 27 degrees in the left. Coxa vara 
and a _ deformity of the femoral head were present in both hips. The girl was clinically 
normal. 
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Fic. 7 

— atment of congenital dislocation of the hip in children over one year of age showing: 

and B, a hip spica cast with the extremities in the first position applied after closed reduc- 
rhe with the patient under general anaesthesia. The plaster cast extends to below the knees 
in bilateral dislocation, and is cut above the knees (black line) removing the lower section 
six to ten weeks after reduction. The cast is removed two to six weeks later and the extremities 
are brought into the second position without anaesthesia; C, a hip spica cast with the ex- 
tremities in second position. Two weeks after the change of position, a circular segment of the 
cast is removed at the hips (striped bands) to increase the inward rotation of the extremities. 
The cast is worn for one to two months; D, an abduction bar applied; F£, outward rotation 
of the foot locked at 20 degrees short of neutral; and F, the inward rotation is free. 
penetration of the femoral head into the socket. This soft-tissue interposition 
disappeared in a few weeks of treatment in the first position |’. After removal of 
the first plaster cast the extremities were brought into the sec ond position without 
anaesthesia, and a bilatera! long hip spiea was applied and then worn for one to 
two months. Two weeks after the change of position it was necessary, in most 
‘ases, to cut the cast at the hips to increase the inward rotation of the limbs. 
The femoral head remained well centered with the legs in 25 to 40 degrees in- 
ward rotation. An abduction bar was then worn full time for two to three months, 
and at night and napping hours for a period lasting from six months to two 
years. The patients started to walk a few days after removing the abduction 
bar during waking hours. During this period a tendency to subluxation was 
observed in six patients, and the extremities were maintained again in the first 
position with an abduction brace (Fig. 1-B) for two to four months. Two of 
these patients—one with bilateral involvement—had rotation osteotomy per- 
formed to correct femoral-neck anteversion eighteen months to three years after 
the closed reduction (Chart IT). 
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Fic. 8 

Roentgenogram showing dislocation of the right hip in a thirteen-month-old girl (inset). 
The hip was reduced with the infant under general anaesthesia. A bilateral hip spica was 
applied with the extremities in the first position and worn for ten weeks, and then, with 
the extremities in the second position, worn for two months. An abduction bar was worn 
full time for three months and part time for one year. The result (at thirteen years of 
age) ——o in Group I. The CE angle is 35 degrees in the right hip and 33 degrees 
in the left. 


One patient, with bilateral dislocation and fourteen patients with unilateral 
hip dislocation had well developed hip joints and the results were classified in 
Group I (Fig. 8). Two patients with bilateral hip dislocation and five patients 
with unilateral hip dislocation had slight deformity of the femoral head or neck, 
and their results were included in Group II (Figs. 9 and 10). 

The hips of three patients with unilateral hip dislocation and one hip in a 
patient with bilateral hip dislocation were dysplastic (Fig. 11). These four pa- 
tients had, initially, very high dislocations and their results were included in 
Group III. In three, “epiphysitis” developed six to ten months after the reduc- 
tion; the sloping of the acetabulum did not become completely corrected in the 
other patient. Supracondylar rotation osteotomy was done on two patients of 
this group, two to three years after closed reduction. 

Moderate subluxation developed in the hips of two patients with unilateral 
hip dislocation and in one hip of a patient with bilateral hip dislocation (Fig. 
12). These three patients, whose results were included in Group IVa, were im- 
mobilized in the first position for only two months and in the second position 
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Roentgenogram of the hips of a female infant twenty-three months old with bilateral 
dislocation of the hip (inset). The hips were reduced with the patient under general 
anaesthesia. A bilateral hip spica cast was applied with the extremities in the first po- 
sition and worn for three months, and then in the second position and worn for two 
months. An abduction bar was worn full time for three months and at night and napping 
hours for sixteen months. The results of both hips (at eighteen vears of age) were clas- 
sified in Group II because of slight deformity of the femoral heads. The CE angle is 
37 degrees in both hips. 


for one month to six weeks. Subluxation occurred shortly after the patients 
started to walk, and although the hips were placed again in the first position 
with an abduction brace for a period of two to four months, subluxation per- 
sisted. Supracondylar rotation osteotomy performed eighteen months after re- 
duction on one of these patients failed to correct the subluxation. 

Fragmentation of the center of ossification of the femoral head was observed 
in five patients five to twelve months following the reduction. Moderate de- 
formity resulted in one and a major degree of flattening occurred in the others 
(Fig. 11). 

Group C: Twenty-two patients were two to four years old when treated 
initially. Nine of these patients had bilateral hip dislocation. Four had sub- 
luxation in one hip and dislocation in the other. Nine patients had unilateral 
hip dislocation. 

The treatment used in this group was the same as that outlined for the 
patients one to two years of age. Five patients with high hip dislocation were 
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Roentgenogram (A) showing high upward dislocation of both hips in a female 
infant, nineteen months old. Skin traction was applied for nine days prior to 
closed reduction performed with the patient under general anaesthesia. A’ bi- 
lateral hip spica cast was applied with the extremities in the first. position and 
worn for ten weeks and then worn in the second position for six weeks. An 
abduction bar was worn full time for three months and part time for an ad- 
ditional three months. Bilateral subluxation occurred three months after walk- 
ing, and the extremities were maintained again in the first position with an 
abduction brace (Fig. 1-B) worn full time for four months. The abduction bar 
was then reapplied and worn full time for two months and at night and napping 
hours for eight months. 

Roentgenograms (B and C) made when the girl was ten and one-half years of 
age. The results in both hips were classified in Group II because of moderate 
deformity of the femoral heads. The CE angle is 30 degrees in the right hip 
and 35 degrees in the left. 
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Roentgenogram (A) showing high upward dislocation of both hips in a girl, 
two years old. The dislocations were reduced with the child under general 
anaesthesia. The reductions were difficult, because no preoperative traction had 
been applied. A bilateral hip spica cast was applied with the extremities in 
the first. position and worn for three months and then worn with the extremities 
in the second position for two months. An abduction bar was worn full time for 
three months and at night and napping hours for nineteen months. Necrosis of 
the centers of ossification of the femoral heads was apparent in roentgenograms 
made seven months after reduction. 

Roentgenograms (B and C) made when the child was ten and one-half years 
of age. The results were classified in Group III because of severe flattening 
of both femoral heads and irregularly ossified acetabular roofs. However, the 
CE angle is 23 degrees in both hips. 


treated for eight to twelve days in skin traction before reduction. Subcutaneous 
tenotomy of the adductor tendons was done on nine hips. Closed reduction failed, 
and open reduction was necessary in both hips of one patient with bilateral hip 
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Roentgenogram (A) showing dislocation of the left hip of a fourteen-month-old 
female infant. The hip was reduced with the patient under general anaesthesia. 
A bilateral hip spica cast was applied with the extremities in the first position and 
worn for only two months and then worn in the second position for one month. 
An abduction bar was worn full time for two months. 

There was subluxation of the hip (B) one month after the patient started to 
walk. The extremities were again maintained in the first position with an abduc- 
tion brace (Fig. 1-B) worn full time for three months and at night and napping 
hours for sixteen months. 

Roentgenograms (C and D) made when the child was ten years of age show 
that a moderate subluxation persisted. The result was classified in Group VIa. The 
CE angle is 15 degrees in the left hip and 24 degrees in the right. The subluxation 
was probably due to the short period of immobilization in the first position. 


dislocation and in the left hip of another patient with bilateral dislocation. 
Ten rotation osteotomies—six supracondylar and four subtrochanteric—were 
done to correct anteversion of the femoral neck from two to six years following 
reduction (Chart IT). 

In those patients whose results were classified in Group I (Fig. 13) well 
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Fig. 13: Roentgenogram (A) showing dislocation of the right hip in a girl, three 
and one-half years old. The dislocation was reduced with the child under general 
anaesthesia. A bilateral hip spica cast was applied with the extremities in the 
first position and worn for three months and then worn with the extremities in 
the second position for two months. An abduction bar was worn full time for two 
months and at night and napping hours for eighteen months. 

Roentgenogram (B) made when the patient was six and one-half years old, 
showing coxa vara and irregular ossification of the acetabular roof. 

Roentgenograms (C and D) made when the patient was twelve years old. Coxa 
vara is almost completely corrected, and the acetabular roof is well developed. 
The result was classified in Group I. The CE angle is 30 degrees in the right hip 
and 26 degrees in the left. 


developed hip joints were obtained in three hip subluxations and eight dislo- 
cations. There was moderate deformity of the femoral head, neck, or acetabulum 
in nine hips—one subluxation and eight dislocations. These results were classi- 
fied in Group II (Figs. 14 and 15). A dysplastic hip was the result in seven hip 
dislocations. The dysplasia occurred in patients who were over three years old 
when initially treated and was due in three patients to defective formation of 
the acetabular roof (Fig. 14) and of the femoral head in three others. In one 
patient, coxa vara was the cause. One of the patients with defective formation 
of the acetabular roof had been treated by open reduction and rotation osteot- 
omy. The two other patients with defective formation of the acetabular roof 
had rotation osteotomy performed which might have prevented subluxation. 

The results in two patients were classified in Group IVa. Mild subluxation 
developed six months after operation in one hip treated by open reduction and 
rotation osteotomy. The other patient had a fragmented femoral head even before 
the closed reduction; neither the femoral head nor the acetabulum developed 
well (Fig. 16); rotation osteotomy was done two years after the reduction. 

Severe subluxation developed in six hips from two to six years after satis- 
factory reduction (Figs. 17-E and 17-F). Rotation osteotomy, which did not 
seem to alter the end result, was performed on four of these patients. 

Partial necrosis of the femoral head developed in three hips six to ten 
months after reduction. This resulted in some flattening of the femoral head in 
instance. 

DISCUSSION 

The excellent anatomical results obtained in patients initially treated before 
the age of one year indicate the importance of early diagnosis in congenital 
dislocation of the hip. A positive Ortolani snapping sign indicates that the hip 
will dislocate and makes treatment imperative even in infants who are only a 
few weeks old. Roentgenograms usually show lateral or upward displacement 
of the upper end of the femur, but the roentgenograms may appear negative if 
they are made when the femoral head has snapped in the socket. A sloping 
acetabular roof and delay in the ossification of the femoral head is compatible 
with normal development of a hip joint in infants with a negative Ortolani sign. 
Infants with severe limitation of abduction of the hip and functional shortening 
of the femur probably should be treated with a pillow splint to avoid subluxa- 
tion, although it is realized that the tightness of the adductors will correct 
spontaneously and the hips will develop well in many !. The patients with pre- 
luxation included in our study all had either positive Ortolani sign or definite 
roentgenographie disclosure of lateral or upward displacement of the femur, to- 
gether with limitation of abduction of the hip. Most of these hips probably 
would have dislocated had not treatment been started early. Early treatment 
of congenital dislocation of the hip joint offers the only possibility of obtaining 
good results almost regularly ®. Von Rosen and his orthopaedic staff, in collabo- 
ration with the pediatricians, discover all new cases of dislocations of the hip 
in newborn infants in Malmé, Sweden. Every orthopaedic surgeon should strive 
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Roentgenogram (A) shows bilateral dislocation of the hip in a three-year- 
old girl. The dislocations were reduced with the child under general anaesthesia. 
A bilateral hip spica cast was applied with the extremities in the first position 
and worn for three months, and then worn with the extremities in the second 
position for six weeks. An abduction bar was worn full time for one month and 
part time for two years. 

Roentgenograms (B and C) made when the patient was twelve years old. 
The result in the right hip was classified in Group II and of the left hip in 
Group III. The CE angle is 30 degrees in the right hip and 18 degrees in the 
left. The patient was clinically normal. 


to this end in his community. The problems of congenital dislocation of the hip 
must be solved in the nurseries and not in the operating rooms. 

Closed reduction, followed by carefully controlled treatment, gave good 
anatomical results in 78 per cent of patients initially treated when they were 
one to two years old (Groups I and II, Chart II, B). The unsatisfactory ana- 
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Roentgenogram (A) shows bilater: r dideo ation in the hips of a girl, three and 
one-half years old. Skin traction was applied for six days. Closed reduction was 
successful in the right hip but failed in the left, which was surgically reduced. A 
very thick capsule constricting a deformed femoral head was found at operation. 
A bilateral hip spica was applied with the right extremity in the om position 
and the left extremity in the second position and worn for ten weeks. Both ex- 
tremities were then immobilized in the second position in a hip pa worn for 
an additional month. An abduction bar was worn full time for two months and 
part time for fourteen months. 

Roentgenograms (B and C) made when the patient was twelve years old. The 
result in the right hip was classified in Group I and that in the le ft in Group II. 
The CE angle is 25 degrees in the right hip and 30 degrees in the left. 


tomical results were due either to necrosis of the femoral head or to mild sub- 
luxation (Groups III and IV, Chart II, B). 
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Fic. 16 


Roentgenogram (A) showing dislocation of the right hip in a girl, twenty-six months old. 
The center of ossification of the femoral head is flat and irregular. The dislocation was re- 
duced with the child under general anaesthesia. A bilateral hip spica cast was applied with the 
extremities in the first position and worn for only two months and then with the extremities in 
the second position for six weeks. An abduction bar was worn full time for ten weeks and part 
time for eleven months. 

Roentgenogram (B) made when the patient was three and one-half years old. The right 
femoral head was irregularly ossified and not well centered. Rotation osteotomy was done when 
the child was four years of age. The subluxation persisted and at twelve years (C and D) 
of age the result was classified in Group IVa. The CE angle is 16 degrees in the right hip and 
30 degrees in the left. The patient was clinically normal. 


Only 57 per cent of the hips treated when the children were over two years 
of age had good anatomical results (Groups I and II, Chart II, C). Hip dys- 
plasia developed in 20 per cent, and subluxation in 23 per cent. Pe St was 
severe in these patients and the opportunity for the normal development of a 
hip joint had passed. Only three open reductions were done when closed redue- 
tion failed (Fig. 15). A greatly thickened and constricted capsule adherent over 
an enlarged and deformed femoral head was found at operation. In all other 
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patients the head of the femur became well centered in the primary acetabulum 
following three months of immobilization in the first position. The poor results 
were due to defective formation of the acetabular roof or femoral head. In this 
group of patients subluxation occurred late, often two or more years after re- 
duction (Figs. 17-A through 17-F). 

The excellent results obtained in this series of patients in cases of preluxa- 
tions and subluxations justify the continuation of treatment along the same 
lines. However, the results were not uniformly good in dislocated hips and here 
possible ways of improvement bear further scrutiny. The femoral head remained 
in a correct position in the acetabulum in sixty-three of the seventy-four dis- 
located hips (Groups I, II, and III); mild subluxation developed in five; and 
severe subluxation, in six. No redislocations occurred (Chart 1). Except for three 
hips which were openly reduced, no difficulty was encountered in the reduction. 
The unsatisfactory results were seen in those hips with fragmentation of the 
ossification center of the femoral head and with late subluxation. The fragmen- 
tation of the epiphyseal nucleus was seen in patients with high dislocations not 
treated preoperatively with traction or in patients treated in the first position 
with the extremities in over 70 degrees of abduction (Fig. 11). This position 
presses the head of the femur against the acetabulum with great foree and 
probably was responsible for the epiphyseal changes. Since 1950 we have avoided 
the extreme abduction of the extremities in the first position, and subeutaneous 
tenotomy of the adductors has been done when these muscles appear exces- 
sively shortened. In high dislocation traction before reduction may decrease the 
incidence of changes in the femoral head. 

No proof exists that open reduction will decrease the number of late sub- 
luxations. Somerville and Scott '* remove surgically the inserted limbus in pa- 
tients with congenital dislocation of the hip. Our experience and that of Severin ™ 
and many others indicate that to obtain good reduction this is not necessary in 
the great majority of patients. Perhaps late subluxation may be prevented by 
the removal of limbus but we feel it advisable to wait for a longer follow-up 
period of the patients thus treated before judging the values of this operation. 

This stud* indivates the necessity of maintaining the extremities in the first 
position for at least three months to center the femoral head and deepen the 
acetabular cavity. The hips treated in the first position for only two months 
had a tendex.cy to subluxate. The second position followed by the abduction-bar 
treatment appeared to be useful in correcting femoral-neck anteversion. The child 
walks at first with the extremities in abduction and inward rotation; in this 
position the danger of early subluxation is lessened. 

Rotation osteotomy performed to correct anteversion of the femoral neck 
prevented subluxation in few cases. Possibly the rotation osteotomy was done 
too late in some of our cases. However, the large number of good anatomical 
results in our series indicates that rotation osteotomy is rarely necessary in pa- 
tients treated before three years of age. 

We feel that some of the subluxations of cases in the old group could have 
been prevented by a shelving operation done before subluxation started to de- 
velop. In recent years we have performed this operation on selected patients 
and on all hips surgically reduced. The difficulty lies in establishing a definite 
indication for the shelving operation, since in the majority of our patients the 
acetabular roof developed well if the head remained well centered® (Fig. 5). 

Most of the children of this series have been treated as out-patients. Their 
stay in the hospital was limited to a few hours after reduction. Anaesthesia was 
used only at the time of reduction. The child was free to crawl while wearing 
the plaster cast in the first position. During the last period in the first position, 
when the plaster cast was cut above the knees, the hips could rotate freely. 
When the extremities were changed into the second position, no anaesthesia was 
necessary. It was only during the six or eight weeks in the second position with 
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Fic. 17-C 


Fic. 17-F 
Fig. 17-A: Roentgenogram showing bilateral dislocation of the hip in a girl, twenty-five 
months old. The dislocations were reduced with the child under general anaesthesia. A 
bilateral hip spica cast was applied with the extremities in the first position and worn for 
three months and then worn with the extremities in the second position for two months. An ab- 


duction bar was worn full time for three months and at night and napping hours for twenty- 
two months. 
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Fig. 17-B: Roentgenogram made when the patient was four years of age. The acetabular 
roofs are shallow but the hips are not subluxated. 

Fig. 17-C: Roentgenogram made when the patient was six years of age shows both hips to 
he shghtly subluxated. 

Fig. 17-D: The subluxations persisted at nine years of age. 

Figs. 17-E and 17-F: Roentgenograms made when the patient was sixteen years of age show 
that the right hip is severely subluxated (Group IVb) and that the left hip is dysplastic 
(Group III). The CE angle is 16 degrees in the left hip and negative in the right (—15 
degrees). The patient limped very slightly on the right, only when tired. 


a long leg hip spica that the activities were restrained. The child was little 
handicapped while wearing either the abduction brace or the abduction bar. 
Physica! therapy was never used. 

All patients had excellent functional results, except for six patients with 
severe subluxation who had slight limp and easy fatigability. Undoubtedly, in 
time, symptoms will appear in many more patients. An evaluation of the func- 
tional results cannot be done until several more years have passed. 


SUMMARY 


The anatomical results of treatment, from 1942 to 1950, of patients under 
four years old with congenital dislocation of the hip and of those with preluxa- 
tion treated from 1942 to 1954 have been reviewed. Thirty-two patients with 
thirty-nine hip preluxations with a minimal follow-up of four years, six with 
seven subluxations, and fifty-eight patients with seventy-four hip dislocations 
and four subluxations with a minimal follow-up of eight years were ineluded 
in the study. The dislocations were reduced with the child under general anaes- 
thesia; only three open reductions were done when closed reduction failed. Ro- 
tation osteotomy was done on thirteen patients. 

Good anatomical results were obtained in all cases of preluxation and sub- 
luxation (Groups I and II). Good anatomical results were also obtained in 
fifty-two of the dislocated hips; a dysplastic hip resulted in eleven instances. 
Thus, the femoral head was in a correct position in the acetabulum in sixty- 
three of the seventy-four dislocated hips. Moderate subluxation developed i 
five hips and severe subluxation in six. No redislocation occurred. Closed re- 
duction followed by carefully supervised treatment offers satisfactory results 
in the majority of congenital dislocations of the hip if a child is seen before he is 
four years of age. 

The importance of early treatment is apparent when the cases are divided 
into three groups. Good anatomical results were obtained in (a) all patients 
initially treated before the age of one year; (b) 78 per cent of patients who 
were one to two years of age; and (c) only 57 per cent of those who were two 
to four years of age. Early treatment offers the only possibility of obtaining 
good results almost regularly. The orthopaedic surgeon must collaborate with 
the pediatrician to discover all cases of congenital dislocation of the hip in early 
infancy. Ortolani’s snapping sign is the only unequivocal sign of early dislocation. 
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DISCUSSION 


Dr. Georce E. Scueer, St. Lours, Missourt: Dr. Ponseti and Dr. Frigerio have demonstrated 
by the statistical review of their cases that early diagnosis and early treatment of dysplasia 
of the hip will give a high percentage of excellent results. I heartily agree with this conclusion 
and would strongly support the author’s contention that it is imperative for all orthopaedic 
surgeons to bring the importance of early diagnosis and treatment to the attention of the 
pediatrician, the general practitioner, and even the nursing personnel. 

During the first year of life, predislocations and subluxations constituted 80 per cent of 
the hip conditions seen and, in these, normal anatomical results were obtained. It is in the 
treatment of the dislocated hip after the first year of life that a result less than perfect is 
obtained. It is, particularly, in the group of children treated between the ages of two and four 
years that I feel that better than 57 per cent of the hips should have good anatomical results. 
In a recent review of a total of 135 cases of dislocation of the hip, prepared by Dr. Marshall 
Conrad, one of my associates at Shriners’ Hospital in St. Louis, there were seventy-seven hips 
in children treated between the ages of two and four vears. Of these seventy-seven hips evaluated 
from five to twenty-five years after completion of treatment, twenty-six (34 per cent) were 
classified as being normal, using the Gill method of classification; and thirty-three hips (43 
per cent) of the total were classified as nearly normal. Thus, 77 per cent of the hips were either 
normal or nearly normal, from both an anatomical and a functional standpoint. 

In addition, Dr. Ponseti and Dr. Frigerio reported eight children out of a total of 
sixty-seven in the age group of one to four years in whom necrosis of the femoral head was 
apparent. In reviewing our cases at the St. Louis Shriners’ Hospital, in those patients in whom 
we had initiated the original treatment, we have had only one hip which we would classify as 
having had head necrosis. We feel that the significant differences are due to the fact that we 
(1) use preliminary skeletal traction, (2) do not perform manipulative reductions, and (3) 
do not immobilize the hip in a frog-leg position. Since contracture about a dislocated hip 
is a well recognized clinical finding we feel that this should be eliminated by preliminary 
skeletal traction prior to any attempt to reduce the dislocation. This permits the easy non- 
manipulative reduction of the hip and minimizes the compression force of the femoral head 
in the acetabulum after reduction. We also feel that although in the infant the functional 
position is flexion and, therefore, flexion positions are preferable, after the age of walk- 
ing this is an unphysiological postion and fixation in a position of extension, abduction, 
and internal rotation is preferred. Not only does the frog-leg position place the femoral head 
in the acetabular fossa in an upside-down position, but we have repeatedly demonstrated at 
open reduction that the head is more concentrically and deeply placed in the acetabulum in a 
position of extension, abduction, and internal rotation. Admittedly, this position could not 
be obtained easily without preliminary traction, but this is further support of the concept 
of preliminary skeletal traction. 

We agree with the authors’ statements that some of their subluxations may have been 
prevented by a shelving operation done before the subluxation started to develop. As the 
age of the dislocation prior to treatment increases, the less one can rely on the natural de- 
velopment of the acetabulum. Thus, we feel that acetabular reconstruction should be per- 
formed more often to provide support for the femoral head. Four loose criteria can be 
established for this procedure: (1) Age of the child, (2) a sharply inclined bony acetabular 
roof, (3) marked instability of the hip when tested under general anaesthesia and after 
preliminary skeletal traction, and (4) failure of the roof to develop rapidly after reduction. 


(Continued on page 876) 
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The Prenatal Development of the Skeleton and 
Joints of the Human Foot* 


BY ERNEST GARDNER, M.D., DETROIT, MICHIGAN, D. J. GRAY, PH.D., STANFORD, 
CALIFORNIA, AND RONAN O’RAHILLY, M.D., DETROIT, MICHIGAN 


From the Departments of Anatomy, Wayne State University College of Medicine, Detroit, 
and Stanford University School of Medicine, Stanford 


INTRODUCTION 


The early development of the upper and lower limbs has been described in 
recent publications ** 7.71.8", Another recent report °° deals with the prenatal devel- 
opment of the Fones and joints of the hand. 


Early Prenatal Skeleton 


Various aspects of the prenatal development of the bones and joints of the 
foot have been studied by a number of investigators. The studies of Henke and 
Reyher *° on embryos five to six weeks old were among the first to be published. 
These investigators reported that at this time all skeletal parts except some of the 
phalanges of the toes were laid down; the metatarsals and proximal phalanges 
were present, and the middle phalanges of the three lateral toes were present but 
indistinct. Henke and Reyher called attention to certain relationships of the tarsals 
and mentioned that the skeletal elements were separated from each other by what 
have since been termed homogeneous interzones. 

Schuliin ** found that in a twenty-seven-millimeter embryo all skeletal ele- 
ments except the distal phalanges of the toes and the sesamoids were present. Ret- 
terer “ studied the feet of somewhat older specimens. He concerned himself pri- 
marily with the order of appearance of the ossifie centers in the shafts of the meta- 
tarsals. 

Leboucq * reported that the youngest embryo in which the elements of the 
tarsus were differentiated was twelve millimeters long. In this specimen, the tibia 
and fibula were in contact, but the fibula lay at some distance from the tarsus. 
The calcaneus was separated into two parts by embryonic tissue. The sinus tarsi, 
present as a large space, contained a large blood vessel, which began to decrease 
in size in specimens larger than eighteen to twenty millimeters. In a later report, 
Leboucgq ** stated that the distal phalanges were differentiated in the first half of 
the second month and that calcification at their tips began at the end of the second 
or the beginning of the third month. 

Charles ''® described squatting facets on the tali and tibiae of Panjabi foe- 
tuses, infants, children, and adults, and questioned whether or not the squatting 
habits of the Panjabi led to the formation of these facets and their subsequent 
inheritance. Barnett °, however, pointed out that, although rare in European adults, 
squatting facets are common in European foetuses. Presumably they disappear 
unless used. The theory of inheritance of acquired characteristics need not be 
invoked to explain their presence. 

Several investigators studied chondrification in the foot. Hagen °° observed 
the appearance of cartilage in metatarsals before tarsals. Schomburg ** added fur- 
ther details of the sequence of chondrification in the foot. He noted that during 


* This investigation was supported by research grants A-550 and A-532 from the National 
Institute of Arthritis and Metabolic Diseases of the National Institutes of Health, Public 
Health Service. 
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the period of chondrification the fibula reached the calcaneus. Jones *! confirmed 
the early relationship between the fibula and the caleaneus. Schomburg ** claimed 
that the navicular arose from two centers in not quite half his specimens, that 
the medial cuneiform arose from two centers in more than haif, and that the 
sustentaculum tali arose independently. Wilgress '°* described the early develop- 
ment of the lateral malleolus. Martin ® noted chondrification in the metatarsals 
of fourteen-millimeter embryos. All phalanges except the distal phalanx of the 
little toe were chondrified by thirty-one millimeters. 

Senior “® was the first to analyze in detail the sequence of chondrification in 
the hand and foot. This sequence was confirmed by O’Rahilly, Gray, and Gard- 
ner *!, who related it to Streeter’s “developmental horizons”. 

Hesser ** paid special attention to the shapes of the articular surfaces. He 
found that the articular surfaces of the ankle joint reached a high degree of differ- 
entiation before a cavity was complete. The curvatures of some joints, such as the 
posterior talocalcanean, were still quite weak at forty millimeters but were begin- 
ning to resemble their final form. Early in the intermediate blastemal stage, the 
shapes of the talonavicular and caleaneocuboid joints assumed forms that agreed 
with their final shapes, whereas joints such as the intertarsal and tarsometatarsal 
were nearly flat, as in the adult, almost as early. The articular surfaces of the 
interphalangeal joints were differentiated earlier in the lateromedial than in the 
dorsoplantar direction. The dorsoplantar concavity on the articular surfaces of 
the bases of the distal phalanges was present before a similar concavity appeared 
on the bases of the proximal and middle phalanges. 

Straus *' stated that the joints of the foot were laid down in their definitive 
form early, certainly by the ninth week. He found that the medial malleolus was 
longer than the lateral in early fetal stages and the converse during later fetal 
and postnatal life. He observed changes in the shape of the talus during de- 
velopment and growth as well as differences in the growth of the phalanges, 
metatarsals, and tarsals. He noted that the hallux diverged from the other toes 
during early development and that this divergence was lost in later stages. 

The general conclusion from the work of Hesser and of Straus is that the 
elements of the foot have shapes, arrangements, and relationships like those of 
the adult before the embryonie period (the first seven weeks after ovulation) is 
over and before cavitation begins. In a study of the first fourteen weeks of pre- 
natal development, Harris * confirmed many of the results of previous workers 
and contributed a number of new findings. She found that the malleoli were not yet 
present in embryos at 16.5 millimeters but had become distinguishable by nineteen 
millimeters, when the tuber caleanei was also beginning to differentiate. She ob- 
served a shallow groove on the cuboid in embryos at 24.4 millimeters, and a groove 
for the flexor hallucis longus on the talus and caleaneus at 33.2 millimeters. Wilkin- 
son '* pointed out that the normal fibular deviation of the distal phalanx of the 
big toe is present in the human foetus; it was not found in other primates he 
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examined. 

Cartilage canals: Schomburg “* observed the first appearance of cartilage 
canals in the talus and caleaneus. Hintzsche *:** noted cartilage canals in the cal- 
caneus for the first time in foetuses at eighty-five millimeters and stated that they 
were abundant at ninety-two millimeters. Haines *! studied the vascularization of 
cartilage during the fetal period and coneluded that the canals arose by passive 
inclusion and were related to nutrition. Hurrell 7 also studied the vascularization 
of the tarsal cartilages, gave a concise review of the literature on this subject, 
and concluded that the vascularization was an active process. Harris *° found 
cartilage canals in the calcaneus and talus in foetuses at 60.9 millimeters, in the 
cuboid and navicular at 80.5 millimeters, and in the cuneiforms and metatarsals at 
107.2 millimeters. 

Ossification: Schomburg ** described the first appearance of bone in the vari- 
ous elements of the foot. The order of ossification was studied in so: \ewhat more 
detail by Riickert *®, who used macroscopic, microscopic, and roentgenographic 
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methods, and also by Hasselwander **. Hintzsche ** noted periosteal bone on the 
calcaneus in foetuses at 190 millimeters. Endochondral bone was present in the 
salcaneus of all specimens from six months on. Two ossification centers, periosteal 
and endochondral, were present in more than half of the eases. In a later report, 
Hintzsche * gave further details of the ossification of the caleaneus and paid 
special attention to the development of the markings on the lateral aspect of the 
caleaneus. The former feature has also been studied by Meyer ®. Jit * used alizarin 
red S and studied prenatal ossification in the feet of Punjabi foetuses. He stated 
that bone in these elements seems to appear later than in the feet of foetuses in 
Western countries and that the later appearance may be owing to a nutritional 
basis. Hasselwander *® published a summary of his own findings as well as of the 
findings of others on the ossification of the foot. He provided information on the 
sequence of diaphyseal ossification in the foot, most of which takes place pre- 
natally, and on the sequence of epiphyseal ossification, which occurs after birth. 
Attention was called to the sexual difference in the ossification of the epiphyses 
and to the times of fusion of the epiphyses in both sexes. Prenatal ossification has 
recently been studied by Noback and Robertson ®, who used foetuses that had 
been cleared and stained with alizarin red in toto, and by O’Rahilly and Meyer ™, 
who investigated silverized specimens by means of roentgenography. Meyer ® 
subsequently carried out a detailed study of prenatal ossification in the elements 
of the foot 

First metatarsophalangeal joint: In a study of the first metatarsophalangeal 
joint, Barlow * confirmed earlier reports by Leboueq ** and by Straus * in regard 
to the divergence of the big toe. Barlow maintained that the divergence was 
owing to the obliquity of the joint surfaces and that the obliquity resulted from 
the unequal lengths of the two sides of the medial cuneiform. He stated that the 
divergence of the hallux is more marked up to seventy-five millimeters and that it 
becomes reduced by the growth of the medial side of the medial cuneiform. In 
connection with his study of the first metatarsophalangeal joint, Barlow noted 
that the beginnings of the transverse metatarsal ligament were present at thirty- 
two millimeters and that the tendon of the peroneus longus was not attached to 
the medial cuneiform until 135 millimeters. Jones *! stated that the specifically 
human features of the big toe are completed by thirty millimeters. 

Sesamoids: Detailed accounts of the prenatal development of the sesamoids 
of the foot are not available. Gillette *° reported that they were present as cartilage 
in the foetus and the new-born infant and that they ossified late. Chemin ™ stated 
that he saw sesamoids in foetuses at two and a half months. Schomburg ** noticed 
that they appeared later than the phalanges and that they did not oecur in as 
large numbers in the foot as in the hand. He reported that two sesamoids were 
present regularly in the big toe, two in the small toe in about half the cases, and 
one in the latter toe in the remaining cases. He found a sesamoid for the first time 
in the tibialis posterior in foetuses at fourteen weeks and an interphalangeal sesa- 
moid in the big toe first at fifteen weeks. Inge and Ferguson #8, in a study of the 
metatarsophalangeal sesamoids of the big toe, found that they consisted of un- 
differentiated connective tissue at eight weeks and of definite cartilage at twelve 
weeks; by eight years they were normally ossified, and by eleven years ossifiea- 
tion was complete. Kewenter ** also studied the metatarsophalangeal sesamoids of 
the big toe. However, his studies were by roentgenography and were confined to 
the postnatal period. He found that ossification began between seven years and 
two months and ten years and nine months in girls, and between nine years and 
ten months and twelve vears and five months in boys. Kewenter also made ob- 
servations on the nosition, shape, size, and divisions of these sesamoids. Boeming- 
haus ' studied the development of the medial sesamoid at this joint and concluded 
that its occasional bipartite condition was the result of two centers of ossification. 
In a more recent study of the development of the sesamoids of the big toe, Taka- 
hashi ** found that the lateral metatarsophalangeal sesamoid appeared at seventy- 
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five days, the medial at eighty-two days, and the interphalangeal at the fourth 
month. Harris *° saw indications of sesamoids at the first metatarsophalangeal 
joint in foetuses at forty-three millimeters and definite cartilaginous sesamoids at 
60.9 millimeters. In her series, an interphalangeal sesamoid first appeared in this 
digit at 101.8 millimeters. 

Fusions and accessory elements: Fusions and partitions of normally oecurring 
skeletal elements in the foot during the fetal period have been observed by a 
number of workers *°.°%.5%.1,75,99. TPeseriptions of accessory cartilages in the foetus 
have been published by Bardeleben*? and by Trolle **. O’Rahilly ® gave a re- 
view of the literature on their presence in the adult. 

Interzones, cavities, synovial tissue, capsules, ligaments, and tendons: The 
classic works on the development of interzones, joint cavities, and synovial mem- 
brane are those of Bernays *, Schulin “4, and Hagen-Torn *°. Studies dealing spe- 
cifically with the development of the joints of the foot are more recent. Faldino *?, 
for example, found that at twenty-five millimeters the ankle joint showed signs of 
cavity formation and that at thirty-five millimeters a cavity was present in this 
joint. The interphalangeal cavities were the last to appear, and in his series all 
cavities were not present until 210 millimeters. Martin ® reported that homo- 
geneous interzones (“intermediate cell masses’) were present in all joints of the 
foot at twenty-one millimeters. Fissures appeared in some joints at forty-eight 
millimeters and in most joints by fifty-one millimeters. Synovial tissue, containing 
many blood vessels, was present in a foetus of fiftv-nine millimeters, and at 140 
millimeters the synovial membrane contained abundant collagenous fibers. Vaseu- 
lar synovial folds were present at this time. Good photomicrographs of the fetal 
ankle joint were published by Barnett and Napier ®. Martino “ described the his- 
tology of the chondrogenic layers of the interzone and stated that they were fused 
at three months. Beau‘? found homogeneous interzones containing flattened cells 
at thirty-three millimeters. Fissures appeared at forty millimeters, and cavities 
were well developed at sixty-five millimeters. Synovial folds had appeared by 
seventy millimeters. In a study of the ankle joint, Carleton ' claimed that a cavity 
was not yet present at ninety millimeters. Haines *! sunwmarized the earlier work 
on the development of joints and included personal observations. He found that 
the tarsal elements were chondrified at fourteen millim»-ters and that they were 
separated by dense interzones at this time. He observed that three-layered inter- 
zones first appeared in the ankle and taloecaleanean jotees at twenty-seven milli- 
meters, and in the digital and smaller intertarsal joints at thirty-two millimeters. 
Harris ** noted three-layered interzones at twenty-five millimeters, but she did not 
specify the joints in which they appeared. She found evidence of cavity formation 
at 33.2 millimeters in the ankle joint, and, at 37.4 millimeters, spaces were begin- 
ning to form in the ankle and in most. of the tarsal and tarsometatarsal joints. 
By 60.9 millimeters, all joints showed evidence of cavity formation. The develop- 
ment of the capsules and ligaments of the joints of the foot has received somewhat 
less attention. Schulin ™ stated that in general the capsular insertions of all joints 
of the limbs were in their definitive places by the second half of the fourth 
month. Lucien °° observed that the “anterior annular ligament” of the ankle joint 
appeared as a cellular condensation at thirty-three millimeters and that at forty 
millimeters this ligament had two extensions into the sinus tarsi. The ligament 
was fully developed at sixty-five millimeters. Lucien ** also studied the develop- 
ment of the “lateral internal ligament” of the ankle joint and found that it ap- 
peared slightly earlier. Faldino *! reported that capsules and ligaments were indi- 
cated at forty-one millimeters and that they were present in specimens of sixty-one, 
sixty-three, and sixty-five millimeters. Interosseous ligaments appeared by ninety- 
five millimeters. Thomas * deseribed the arrangement of the tarsometatarsal liga- 
ments in the foetus. Beau * deseribed in detail various ligaments at different stages. 
Some ligaments were identifiable at thirty-three millimeters; the talotibial was 
the clearest of these, and it was fibrous. At forty millimeters, the capsules were 
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indicated, and ligaments had appeared in the sinus tarsi. Capsules were definitely 
present, although not yet very thick, at sixty-five millimeters. Beau mentioned 
that some ligaments appeared later as differentiations of the capsules. A study of 
the tarsometatarsal ligaments by Beau and Simonin § revealed that these ligaments 
were first indicated at thirty-three millimeters. They reported that the tendons 
of the tibialis posterior and the peroneus longus were also in their definitive 
positions at this time. Harris ** found ligaments at twenty-five millimeters, but 
they were poorly defined. However, they were well developed at 27.8 millimeters 
and later. 

Many of the discrepancies in the figures for the lengths from the crown to the 
rump given by different investigators for the time of first appearance of various 
structures in the embryo and foetus are attributable to the lack of preciseness of 
these lengths as an index of the stage of development. Streeter ®? made a very 
valuable contribution to the timing of events by dividing the embryonic period 
proper into twenty-three “horizons” or stages and by describing in some detail 
the degree of development of certain structures at each stage. The increasing use 
of Streeter’s stages by investigators will undoubtedly lessen the confusion that 
now exists with regurd to the times at which structures appear during the em- 
bryonie period. 

Attempts to correlate foot lengths with crown-to-rump lengths and age by 
Retzius Streeter Meredith Trolle and Meyer have met with some sue- 
cess. However, foot lengths are not as precise as the criteria for the staging of 
embryos described by Streeter. Therefore, the accurate timing of events that 
take place during the fetal period awaits furthur investigation. 


MATERIALS AND METHODS 


One hundred and eighty-four human embryos and foetuses were studied; 
they ranged from seven to 460 millimeters in length. The approximate ages of the 


embryos can be gauged from Streeter’s ** graphs; those of the foetuses from Plate 
11 of Boyd’s monograph "™. 

The majority of the specimens were fixed in formalin. The larger foetuses 
were decalcified in a mixture of equal volumes of 50 per cent formie acid and 20 
per cent sodium citrate. Paraffin, celloidin followed by paraffin, or celloidin alone 
were used for embedding, depending on the size of the specimen. Most of the 
embryos were sectioned in toto. The feet. were removed from the remainder of the 
specimens and sectioned separately; in most cases the separation was effected 
through the middle or the lower part of the leg. Frontal, sagittal, and horizontal 
planes of section were used. Most sections were stained with a Mallory-Masson 
technique, but several other stains were employed. 

The following list shows the lengths in millimeters of the specimens studied 
(the measurements of the older embryos and of the foetuses are crown-to-rump 
lengths) : 

7.0 (2), 8.1, 8.6, 9.0 (2), 9.7, 10.1 (2), 10.5, 10.8, 10.9, 11.0 (3), 11.2 (2), 

11.5, 11.7 (2), 12:0 (2), 12.5 (2),. 12:6; 12:8, 13.0 (4), 13.2 (3), 13.4, 138, 

14.0 (3), 14.2, 14.4, 14.5, 15.0 (3), 15.5 (2), 16.0 (2), 16.5, 16.8, 17.0 (5), 

18.0 (6), 18.5 (2), 19.0 (2), 19.1, 19.5, 20.0 (2), 20.8, 21.0 (4), 21.5 (2), 22.0 

(3), 22.5 (2), 22.7, 23.0 (2), 23.4, 23.5, 24.0 (2), 24.2, 24.5, 25.0, 25.3, 26.0, 

26.3, 26.4, 27.0, 27.3, 27.5 (3), 28.0 (2), 28.2, 30 (4), 31 (2), 32, 35, 35.5, 37 

(3), 37.8, 39 (3), 43 (2), 45, 46 (2), 49, 50 (3), 55, 58, 60 (2), 61 (2), 65, 68, 

69, 73, 78, 83, 85, 90, 93, 95, 100 (2), 104, 106, 107, 110, 117, 118, 122 (2), 

124, 125 (2), 130, 132 (2), 136, 144, 145, 150 (2), 156 (2), 160, 180, 192, 

195, 198, 235, 253, 262, 270, 285, 290, 302, 308, 348, 359, 373, 460. 

The figures in parentheses indicate the number of specimens studied of the same 
length. 

One hundred and six of the embryos and foetuses were from the collection of 
the Department of Embryology, Carnegie Institution of Washington. The embryos 
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belonged to Stages 16 to 23. The writers are indebted to Dr. George W. Corner for 
permission to study these specimens. 

Eight foetuses (61, 78, 93, 118, 122, 124, 125, and 150 millimeters) had been 
pretreated with silver ™*, and had been used by Meyer ® in a study of prenatal 
ossification. 

The term foot as used throughout this paper includes the ankle, tarsus, meta- 
tarsus, and phalanges. The terminology employed is the Nomina anatomica of 
1955, translated into English when appropriate. 


Fic. 1 Fic. 2 


Fig. 1: Diagram of the foot to show the crown-to-rump lengths at which joint cavities 
first appeared. 

Fig. 2: Diagram of the foot to show the erown-to-rump lengths at and after which joint 
cavities were always present. ? indicates that the cavity was not constantly present. 


OBSERVATIONS 


The development of the various structures is described in the following order: 
skeleton, sesamoids, interzones, cavities, synovial tissue, fibrous capsule, and 


ligaments. 


Skeleton of Leg: Embryonic Period 
The tibia and fibula were usually distinguishable as condensed mesenchyme in 
embryos at Stage 17 (about eleven to 13.5 millimeters). Chondrification had begun 
in the tibia and fibula of some specimens at Stage 17, and in all specimens at Stage 
18 (about fourteen to sixteen millimeters). At Stage 18, chondrification in the 
fibula was less advanced than in the tibia. The distal parts of both elements, still 
composed of condensed mesenchyme, were continuous with a common cellular con- 
densation for the tarsus from which digital prolongations extended. 
By Stage 19 (seventeen to twenty millimeters), the tibia and fibula were still 
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blastemal in their distal parts. Areas of hypertrophied cartilage cells (Streeter’s 
Phase 3) were present in the shafts of both, but those in the fibula were less 
advanced. 

The lower ends of the tibia and fibula still consisted of condensed mesen- 
chyme at Stage 20 (twenty-one to twenty-three millimeters), and the fibula was 
closely related to the caleaneus. Streeter’s Phase 4 cartilage was present in the tibia 
but not in the fibula. By Stage 21 (twenty-two to twenty-four millimeters) Phase 
4 cartilage was present in the tibiae of all embryos and in the fibulae of some. 
There were no bone collars, although osteoblasts were observed in the perichon- 
drium of the tibia of some embryos. The fibula, which was closely related to the 
caleaneus, was separated from it by a densely cellular zone of flattened cells. 
In some specimens, the malleoli were beginning to chondrify. 

A bone collar encircled the shaft of the tibia of most specimens at Stage 22 
(twenty-five to twenty-seven millimeters). The fibula lacked a bone collar but 
contained Phase 4 cartilage. 

At the end of the embryonic period (Stage 23, twenty-eight to thirty milli- 
meters) the bone collar of the tibia was thicker and in one specimen was being 
eroded by periosteal buds. The fibula lacked a definite bone collar except in three 
specimens in which an early collar was present. The lower end of the fibula was 
still closely related to the calcaneus, but was usually separated from it by a small 
part of the talus. 


Skeleton of Leg: Fetal Period 

Vascular invasion of the shaft of the tibia, first noted in a thirty-millimeter 
embryo, was constantly present in specimens of thirty-seven millimeters and 
larger. Vascular invasion of the fibula was first present in a thirty-millimeter 
foetus, and in all specimens from forty-three millimeters onward. Endochondral 
ossification was generally present in the tibia from forty-three millimeters on, and 
in the fibula from fifty millimeters. 

A cartilage canal was found in the lower end of the tibia at sixty millimeters, 
and in all specimens from seventy-eight millimeters on. Vascularization of the 
lower end of the fibula was noted at sixty-eight millimeters and was present here 
in all specimens from seventy-eight millimeters on. 

In specimens from eighty-five to 125 millimeters, occasional sections of some 
specimens showed osteoclasts external to the shaft of the tibia, and evidence of 
removal of substantia compacta. These findings presumably indicate the beginning 
of reconstruction. Comparable changes were not found in the fibulae of these 
specimens. Histological evidence of reconstruction (osteoclasts externally, removal 
of compacta, and exposure of endochondral trabeculae in the metaphysis) became 
more and more marked in both bones in the older specimens. A systematic study of 
remodeling was not made. Up to term, a complete encoche de Ranvier was not 
observed. 


Skeleton of Foot: Embryonic Period 


In some specimens at Stage 17 (eleven to 13.5 millimeters), the tarsus was 
blastemal and had from three to four digital prolongations. More often, however, 
a tarsal condensation was first noted at Stage 18 (fourteen to sixteen millimeters). 
Generally, separate prolongations for the second to fifth toes extended distally. 
In some specimens at this stage, chondrification had begun. The skeletal elements 


86 


chondrified in a definite sequence, as pointed out by Senior ** (for details see 
O’Rahilly, Gray, and Gardner *!'). All elements except sesamoids were usually 
chondrifying by Stage 23 (twenty-eight to thirty millimeters). 

The second to fourth metatarsals were the first elements in the foot to begin to 
chondrify (Fig. 3), followed by the cuboid and fifth metatarsal. The navicular 
was the last tarsal element to begin to chondrify, and the distal phalanx of the 
fifth toe was the last in the fore part of the foot. Chondrification generally began 
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TABLE I 
INITIAL APPEARANCE OF CARTILAGE CANALS IN THE SKELETAL ELEMENTS OF THE Foor 


Length (Millimeters, 


iy Length (Millimeters, Crown to Rump) of 
Crown to Rump) Smallest Foetus at 
of Smallest Foetus and after Which 
in Which Cartilage Cartilage Canal 
Skeletal Element Canal Was Found Was Always Found 
Tibia, lower end 78 
Fibula, lower end 78 
Talus 78 
Caleaneus 78 
Navicular 78 
Cuboid « 83 
Medial cuneiform 95 
Intermediate cuneiform s 107 
Lateral cuneiform 5 107 
Metatarsal | 
Base 36 156 
Head 110 
Metatarsal 2 
Base 22 156 
Head 36 156 
Metatarsal 3 
Base 156 
Head 56 160 
Metatarsal 4 
Base 156 
Head 56 180 
Metatarsal 5 
Base 156 
Head 56 160 
Proximal phalanx 1 
Base 160 
Head 124 
Proximal phalanx 2 
Base 56 180 
Head 180 
Proximal phalanx 3 
a Base 56 180 


Head a6 180 
Proximal phalanx 4 
Base 56 180 
Head 56 180 
Proximal phalanx 5 
Base 
Head 
Middle phalanx 2 
Base 
Head 
Middle phalanx 3 
Base 
Head 
Middle phalanx 4 
Base 
Head 
Center 
Middle phalanx 5 
Base 
Head 
Center 
Distal phalanx 1 
Base 
Distal phalanx 2 
Base 
Distal phalanx 3 
Base 
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PRENATAL DEVELOPMENT OF THE FOOT 
TABLE I (Continued) 


Length (Millimeters, 
Crown to Rump) of 
Smallest Foetus at 
and after Which 
Cartilage Canal 
Was Always Found 


Length (Millimeters, 
Crown to Rump) 
of Smallest Foetus 
in Which Cartilage 
Skeletal Element Canal Was Found 
Distal phalanx 4 
Base 180 
Distal phalanx 5 
Base 262 
Sesamoids 
Interphalangeal of 1 124 
Metatarsophalangeal 
Medial of 1 85 
Lateral of 1 118 


TABLE II 


INimaL APPEARANCE OF BONE IN THE CALCANEUS 


Crown-to-Rump 
Length 
(Millimeters) 


Mode of Ossifieation Technique Investigator 


93 
93 


95 


(145 ¢.-h.) 
106 
118 


Periosteal 
Periosteal 
Periosteal 


Periostea] 
Periosteal 
Endochondre| 


Parachondral and 


endochondral 


Histology 
Histology 
Ag radiography 


Schultze 
Alizarin red 8 
Ag radiography 
Alizarin red 


Ag radiography 


Histology 


Trolle 
Present study 
O'’Rahilly and 
Mever 7 
Hasselwander #8 
Mever ® 
Mever ® 
Noback and 
Robertson 
Mever ® 


Hintzsche 


Parachondral 


Radiography Flecker 


in the center of each blastemal element. For example, the caleaneus began to 
chondrify at Stages 18 to 19; the tuber ealeanei was not noticeable as a cellular 
condensation until Stage 20, and did not begin to chondrify until Stage 21. The 
sustentaculum tali, present as a cellular condensation at Stage 21, was chondrify- 
ing by Stage 23. The fifth metatarsal began to chondrify at Stage 18. Its tuber- 
osity, first present as a cellular condensation at Stage 21, was chondrifying by 
Stage 23. 

The digits began to chondrify in proximodistal sequence and, in most speci- 
mens at Stage 23, all of their components had begun to chondrify. Hypertrophic 
cartilage in the shafts of the metatarsals had been noted in earlier stages, and at 
Stage 23, Phase 3 cartilage was very evident. Less advanced centers of hyper- 
trophy were present in the proximal phalanges. No element of the foot began to 
ossify during the embryonie period proper. Of thirteen embryos in which all skele- 
tal elements of the foot, except sesamoids, were chondrifying, there was but one 
in which the middle and distal phalanges of the little toe were fused. 

A talocaleanean fusion (talus and posterior part of the sustentaculum tali) 
Was noted in one specimen (Fig. 10), partial fusion between the lateral cuneiform 
and the third metatarsal in another, and a slight zone of fusion between the 
calcaneus and the euboid in another, All fusions were cartilaginous. No accessory 
cartilages were found, but a bipartite medial cuneiform was observed bilaterally 
at eighteen millimeters. 
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Fig. 3: Horizontal section, foot, in a specimen of seventeen millimeters, showing chondrifi- 
cation in the tarsus and metatarsus. The third metatarsal and proximal phalanx are at the 
right of the lateral cuneiform (arrow). Specimen 17 ROR (x 27.5). 

Fig. 4: Frontal section, left foot, in a specimen of twenty-six millimeters, through the 
fourth metatarsophalangeal joint. Note the condensations for collateral ligaments connected 
by plantar ligament, deep to which (above) is loose tissue within the joint. Specimen 1439 
(x 123). 

Fig. 5: Frontal section, left foot, in a specimen of twenty-six millimeters, showing the lateral 
and medial malleoli, talus, caleaneus, tibialis posterior tendon (right arrow), and peroneus 
Jongus tendon (left arrow). Specimen 1439 (x 41). 
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Fig. 6: Horizontal section, right foot, in a specimen of twenty-eight millimeters. The left 
arrow indicates the extensor digitorum brevis, the right arrow, the tendon of the tibialis 
posterior behind the medial malleolus. Note the cavity in the tendon sheath of the tibialis 
posterior. Specimen 1465 (x 41). 


Fig. 7: Horizontal section, right foot, in a specimen of twenty-eight millimeters. The 
lower part of the illustration shows, from left to right, the caleaneus, talus, and medial mal- 
leolus (arrow). Note the fibers of the deltoid ligament from the malleolus to the navicular 
and, deeply, to the talus. Specimen 1465 (x 41). 


Fig. 8: Sagittal section, right foot, in a specimen of twenty-six millimeters. The fibula is at 
the upper left, then the talus. The calcaneus is at the lower left. Specimen 1439 (x 41). 


The various skeletal elements of the foot closely resembled those of the adult 
in form and arrangement by the end of the embryonic period (Figs. 5 to 9). 


Skeleton of Foot: Fetal period 

The general configuration of the skeletal elements at various fetal lengths 
agreed in general with those reported by Hesser **, Straus *', Backman’, and 
Harris *°. 

The talus was the first of the tarsals to show vascular invasion. Cartilage 
‘anals were first present at forty-three millimeters, and were constantly present 
in the talus at and after seventy-eight millimeters (Fig. 34). The vessels within 
the canals arose mainly from the arteries of the sinus tarsi and tarsal canal. 
These arteries in the adult are the most important sources of blood supply to the 
talus #419". Table I shows the initial appearance of canals in the talus and the 
other tarsals. As in the earpals, the canals increased in number and complexity 
in older specimens. The number of vascular openings on the surface of each ecarti- 
laginous element increased, and anastomoses appeared to develop within the ele- 
ment. Branched, multiple-rooted, and tunnel canals were found. 

The calcaneus was the first of the tarsals to begin to ossify (Table II). 
Periosteal-bone formation, which sometimes preceded endochondral ossification 
(Figs. 29 and 49), was noted at the inferolateral aspect of the caleanei of at least 
eight specimens (the smallest was ninety-three millimeters) in which no endo- 
chondral ossification was present. Hypertrophied cartilage cells were first noted 
at 130 millimeters. Endochondral ossification was first noted at 150 millimeters 
and was constantly present from 180 millimeters on, except in a 302-millimeter 
specimen in which neither ossification nor cartilage hypertrophy was present. With 
one exception, in all specimens in which there was endochondral ossification, both 
endochondral and periosteal bone were present in such a way as to suggest that 
the endochondral center had been established by the invasion of periosteal buds 
(Fig. 50). In a 235-millimeter specimen, the endochondral center and periosteal 
bone were clearly separate. It is thus not possible to state whether the endochondral 
center consistently begins separately. 

Hypertrophied cartilage cells were first noted in the talus at 180 millimeters, 
cartilage destruction at 235 millimeters, and endochondral ossification at 253 mil- 
limeters. With the exception of one 302-millimeter specimen, endochondral ossi- 
fication was present from 253 millimeters on. In most specimens the endochondral 
center joined a layer of periosteal bone in the roof of the tarsal canal. 

Hypertrophied cartilage cells were first noted in the cuboid at 253 millimeters, 
and were seen in most specimens thereafter. Endochondral ossification was present 
at 359 and 373 millimeters. Cartilage hypertrophy was noted in the lateral cune- 
iform at 348 and 400 millimeters. 

Several types of tarsal fusions were noted. Cartilaginous fusions occurred 
between the body of the talus and the sustentaculum tali in at least three speci- 
mens (Fig. 23). The elements were otherwise separate. In one foot a thin, carti- 
laginous, caleaneonavicular fusion was noted. In the other foot of the same speci- 
men the two elements were connected by a cellular zone. The most common tarsal 
fusion was a partial one between the lateral cuneiform and the third metatarsal 


(Fig. 20). 
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Fig. 9: Horizontal section, right foot, in a specimen of 28.2 millimeters. From below up- 
ward: on the left, the caleaneus, the cuboid, and the fourth metatarsal. Note the ligament 
between the lateral cuneiform and the fourth metatarsal. The peroneus longus tendon (arrow) 
has a sheath with a cavity. Specimen 28.2 (x 55). 


Fig. 10: Horizontal section, right foot, in a specimen of twenty-eight millimeters, showing 
cartilaginous fusion between the talus (arrow) and the caleaneus. Specimen 1465 (x 41). 

Fig. 11: Sagittal section, left foot, in a specimen of thirty millimeters. Note that the fourth 
proximal phalanx resembles adult element in shape. The head of the fourth metatarsal is at 
the right. Specimen 906 (x 82). 
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Fig. 12: Sagittal section, right foot, in a specimen of thirty millimeters. The first metatarsal 
is at the right and the medial cuneiform is at the left. Note the loose tissue in the joint and 
capsule, which is penetrated by a few blood vessels. Specimen 906 (< 82). 


Fig. 13: Frontal section, foot, in a specimen of thirty-five millimeters. From above down- 
ward: tibia, cavity of ankle joint, talus, and calcaneus. The arrow is in the sinus tarsi. Specimen 
1503 (x 41). 


Fig. 14: Frontal section, foot, in a specimen of thirty-five millimeters. From above down- 
ward; medial malleolus, talus, and caleaneus. The arrow indicates the calcaneofibular part of 
the lateral ligament of the ankle joint. Specimen 1503 (x 41). 


Accessory ossicles were noted occasionally ; these included separate cartilages 
in the tendon of the tibialis posterior, an os paracuneiforme (Fig. 37), and an os 
intermetatarsale. A detailed search for accessory elements was not made. 

Intramembranous ossification began at the tips of the distal phalanges during 
the early part of the fetal period (Table III). Bone at the tip was constantly 
present from between fifty-five to sixty-five millimeters on (Table IIT). Vascular 
invasion of the “membrane bone” was first noted in specimens from sixty to 106 
millimeters (Fig. 30), but the constancy of its presence varied greatly (Table 
IIIf). Vascular invasion of the distal part of the cartilage began between eighty- 
three and 156 millimeters (Fig. 52). Its constancy likewise varied greatly. 

With regard to the other phalanges and to the metatarsals, two phases in bone 
formation were recorded: the first appearance of a bone collar around the earti- 
pag shaft and the first invasion of the cartilaginous shaft by a periosteal bud 
(Figs. 21, 26, 31, and 45 through 48). The latter was used as a criterion for the 
pce onset of endochondral ossification; this, however, does not necessarily 
begin immediately. In point of fact, an “endochondral center” is not evident until 
some time after the cartilage is invaded. The initial appearance of a bone collar 
and of vascular invasion is given in Table IIT. This table also ineludes data on 
ossification from Noback and Robertson“? and from O’Rahilly and Meyer ™, 
who employed different techniques. The middle phalanges were the most variable; 
in some middle phalanges of some specimens there was no bone collar even at 
term. 

During the fetal period, extensive marrow cavities with relatively few endo- 
chondral trabeculae were formed in the shafts of the metatarsals and most of the 
phalanges. No histological evidence of reconstruction was found. By term, char- 
acteristic differences were noted in the thickness and regular arrangement of endo- 
chondral growth zones, probably reflecting differences in contribution to growth in 
length. The distal zones of the seeond to fifth metatarsals were thicker than the 
proximal ones, whereas the proximal zone of the first metatarsal was thieker. The 
proximal zones of the proximal and some of the middle phalanges were thicker 
than the distal zones. Frequently, however, differences in endochondral zones were 
not as marked as in the hand **, and in some instances no differences were observed. 

Either partial or complete fusion of the middle and distal phalanges of the 
little toe was observed in about half of the specimens from forty-nine millimeters 
on (Figs. 28 and 39 through 44). Of eighteen specimens before forty-nine milli- 
meters, only one instance of fusion in the embryonic period and three in the fetal 
were found. 

Vascular invasion of the ends of the metatarsals and phalanges began during 
the fetal period (Table I). In some specimens, a cartilage canal was noted in the 
center of a middle phalanx before any bone was present. 


Sesamoids 


Blastemal condensations for the lateral and medial sesamoids at the meta- 
tarsophalangeal joint of the big toe were observed early in the fetal period. They 
had begun to chondrify in one specimen at thirty millimeters and were almost 
constantly present in cartilaginous form after forty-three millimeters (Fig. 26) 
In one foot of one specimen (122 millimeters), only a lateral sesamoid was present. 
Cartilage canals were first noted in the medial sesamoid at eighty-five millimeters 
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and in the lateral at 118 millimeters; they were constantly present from 132 milli- 
meters on. The sesamoids were embedded in the fibrocartilaginous-like plantar 
ligament (Fig. 53), and muscle fibers were attached to them in the same manner 
as in the adult. In one 100-millimeter specimen two additional sesamoids were 
found in folds deep to the usual sesamoids (Fig. 27). 

An interphalangeal sesamoid of the big toe was first found at fifty millimeters. 
A sesamoid in this location was present in slightly more than one third of speci- 
mens older than this. Each interphalangeal sesamoid presented facets for beth the 
proximal and the distal phalanx. Cartilage canals in such sesamoids (Fig. 54) 
were first noted at 124 millimeters. In at least one specimen, three interphalangeal 
sesamoids were noted in a big toe: one was median, and the others were medial 
and lateral. Metatarsophalangeal (three instances) and interphalangeal sesamoids 
(two instances at the proximal joint) were rarely present in the little toe (Fig. 39). 
One instance of a metatarsophalangeal sesamoid in the second toe was recorded. 


Interzones: Embryonic Period 

Wide, densely cellular interzones were present in metatarsophalangeal joints 
by Stage 20. In some specimens, there was loosening at the periphery of these 
areas, deep to the collateral and plantar ligaments (Fig. 4). Also at Stage 20, a 
densely cellular zone separated the fibula from the caleaneus. 

At Stage 21, there were homogeneous interzones in the ankle and in most 
tarsal joints. In some specimens there was slight loosening at the periphery of the 
ankle joint. Loose tissue was present at the periphery of the metatarsophalangeal 
and proximal interphalangeal joints, but the interzones of the distal interpha- 
langeal joints were homogeneous. The interzone separating the fibula from the 
caleaneus Was continuous with that separating the fibula from the talus. 

At Stage 22, most interzones were still homogeneous. Loosening at the 
periphery of the ankle and metatarsophalangeal joints was perhaps a little more 
noticeable. Likewise at Stage 23 (the end of the embryonic period), most inter- 
zones were still homogeneous. Three-layered interzones were restricted mainly to 
the ankle and the metatarsophalangeal joints. The fibula and ecaleaneus were still 
close together but were separated by a part of the talus. Cavitation was beginning 
in a few joints, as recorded in Figure 1. By the end of the embryonic period, blood 
vessels had begun to enter the loose tissue adjacent to some of the interzones, 
particularly in the ankle joint. 


Interzones: Fetal Period 


Three-layered interzones did not appear in many of the joints until the fetal 
period (Figs. 11 and 12). The initial appearance of three-layered interzones, like 
that of cavitation, was variable. A typical interzone did not develop between the 
lower ends of the tibia and the fibula. 


Cavities 

Cavitation began in most joints of the foot between approximately the ninth 
and the eleventh menstrual week. Cavities first appeared generally at the 
periphery of the joints. The initial appearance of each, in terms of crown-to- 
rump length, is reeorded in Figure 1. Cavities in all joints were not constantly 
present until after fifty to sixty-five millimeters (Fig. 2). Even at this time, a 
few were lacking, and many were incomplete in the sense that there were peripheral 
strands. Many contacts between the various cartilaginous skeletal elements were 
seen after cavitation had begun, but these were artefacts. 

When the lateral cuneiform and third metatarsal were fused, the fusion was 
often not complete, the region not. fused being occupied by either a cellular inter- 
zone or a cavity. Likewise, when the middle and distal phalanges of the fifth toe 
were partially fused, the region not fused was oceupied by cellular tissue or a 
joint cavity. Even when these phalanges were completely fused, there was gener- 
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Fig. 15: Horizontal section, left foot, in a specimen of forty-five millimeters, showing the 
general arrangement. The arrow indicates Lisfrane’s ligament (from the medial cuneiform 
to the second metatarsal). Specimen 1531 (x 183). 


Fig. 16: Horizontal section, left foot, im a specimen of forty-five millimeters, showing the 
general arrangement. From left to right: medial malleolus, talus, and calcaneus. The arrow 
indicates the tibialis posterior tendon. Note the talonavicular cavity above. Specimen 1531 
(xX 18.3). 

Fig. 17: Horizontal section, left foot, in a specimen of forty-five millimeters, showing the 
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tibia at the left and the fibula at the right, with a small joint cavity behind (below). Specimen 
1531 (x 27.5). 

Fig. IS: Sagittal section, right foot, in a specimen of sixty millimeters, oriented so that the 
toes point upward, showing the calcaneus at the left, with the tarsal canal between it and the 
talus. The arrow indicates the long plantar ligament. Specimen 1024 (x 18.3). 


Fig. 19: Sagittal section, right foot, in a specimen of sixty-eight millimeters, oriented so 
that the toes point upward. The lower part of the illustration shows, from left to right, the 
sustentaculum tali, talus, and tibia. The arrow indicates the tendon of the flexor hallucis 
longus; that of the flexor digitorum longus is above it. Specimen 68 ROR (x 183). 


Fig. 20: Horizontal section, right foot, in a specimen of fifty-five millimeters, showing the 
caleaneus, upper left, with the peroneus longus tendon and cavity of its sheath above it (upper 
arrow). The lower arrow indicates the lateral cuneiform, which is fused with the third meta- 
tarsal. A zone of slightly increased cellularity marks the partial fusion. Note the calcification 
of hypertrophied cartilage in the metatarsals. Specimen 44 ROR (x 183). 

Fig. 21: Sagittal section, left foot, in a specimen of sixty-nine millimeters. The third meta- 
tarsal has a bone collar which is beginning to be eroded. The area of erosion (in middle of 
collar on right), however, is hardly visible at this magnification. Specimen 1122 (x 18.3). 


ally a constriction, usually on the lateral side, at the line of fusion. The area of con- 
striction was often filled with vascular tissue. 

A cavity appeared between the lower ends of the tibia and fibula by forty- 
three millimeters and was constantly present thereafter (Fig. 17). It was separate 
from the ankle joint and did not communicate with the cavity of that joint until 
sixty-nine millimeters, and not until later did it constantly communicate. A syn- 
desmosis was not observed. 

Synovial Tissue 

Capillaries had begun to appear in the loose tissue at the periphery of certain 
joints (especially the ankle) by the end of the embryonic period (Fig. 12), and 
were noted in the tissue adjacent to initial cavities. In that sense, a synovial 
membrane could be said to be present. But a definitive membrane with a smooth 
surface Was not present until cavitation was well advanced (by sixty millimeters 
in most joints, fifty-five in some). 

From fifty millimeters on, vessels were very numerous in the areas of future 
fat pads and synovial folds. Folds were present at sixty millimeters, especially 
in the ankle, and were thereafter increasingly prominent (Figs. 35 and 36). 
Villi began to form and were fairly numerous from eighty-three to eighty-five 
millimeters on. Special nerve stains (silver) were used in only a few specimens. 
At fifty-eight millimeters, nerve fibers were observed to accompany blood vessels 
in synovial tissue. Fat was beginning to develop at 106 millimeters. Early fat 
lobules were observed in some joints at 122 millimeters and were widely dis- 
tributed from then on. 


Fibrous Capsules 


Fibrous capsules distinct from ligaments were incomplete or lacking in most 
joints during the embryonie period. Cellular capsules were noted in some joints, 
especially in the metatarsophalangeal and interphalangeal joints. 


Ligaments: Embryonic Period 

Tendons were differentiated by Stage 20, and condensations were observed 
for the collateral and plantar ligaments of the metatarsophalangeal joints. By the 
end of the embryonic period, most of the ligaments of the foot and ankle were 
differentiated as cellular condensations. 

Special attention was paid to the ligaments of the sinus tarsi and tarsal 
canal **. In any one specimen it was difficult to identify all the ligaments of this 
region, because the ease with which they could be distinguished depended on the 
plane of section. Condensations were observed for the ligamentum cervieis and for 
another ligament (presumably that of the tarsal canal). The ligamentous ar- 
rangement of this region was studied more extensively in the fetal specimens 
(Figs. 13, 24, and 25). 
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Fig. 22: Horizontal section, right foot, in a specimen of sixty-nine millimeters. The arrow 
indicates the distal prolongation of the tibialis posterior insertion. The upper part of the 
illustration siows, from left to right, the caleaneus and cuboid and fourth and fifth meta- 
tarsals. Specimen 1122 (x 183). 

Fig. 23: Frontal section, right foot, in a specimen of seventy-three millimeters, showing 
the tibia and fibula above, the talus and caleaneus below, and talocaleanean fusion in the 
region of the sustentaculum tali. Specimen 1190 (x 18.3). 

Fig. 24: Horizontal section, right foot, in a specimen of eighty-three millimeters, showing 
the talus (right), navicular (above), and calcaneus (left). Note the cartilage canal in the talus. 
Section passes through the region of the sinus tarsi. The upper arrow indicates the calca- 
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neonavicular part of bifurcate ligament, and the lower arrow, the ligament of the canal, at 
the left end of which a small part of ligamentum cervicis is diverging. See Fig. 25. Specimen 
1559 (« 183). 

Fig. 25: Horizontal section, right foot, in a specimen of eighty-three millimeters, near that 
of Fig. 24. Arrow indicates the ligamentum cervicis, at the left end of which the ligament 
of the canal is diverging. Specimen 1559 (x 18.3). 


Fig. 26: Sagittal section, left foot, in a specimen of 100 millimeters. From below up: 
first metatarsal and medial sesamoid, proximal phalanx, and the distal phalanx. See Fig. 27. 
Specimen 1125 (x 183). 

Fig. 27: Sagittal section, left foot, in a specimen of 100 millimeters. An accessory sesamoid 
(arrow) is deep and slightly lateral to the medial sesamoid of Fig. 26. Note the endochondral 
ossification in the metatarsals, whereas only periosteal bone shows in the phalanx of Fig. 26. 
Specimen 1125 18.3). 


Fig. 28: Sagittal section, left foot, in a specimen of 100 millimeters. The upper element in 
the illustration is the fused middle and distal phalanges of the little toe. The arrow indicates 
a small area of bone at the tip of the distal phalanx. Specimen 1125 (x 27.5). 
Ligaments: Fetal Period 

Smith *® described the extensor retinaculum and the ligamentous arrangement 
in the sinus tarsi and tarsal canal in the adult and presented photomicrographs 
of some of these structures in the foetus. The superficial and deep parts of the sling 
generally divide into lateral, intermediate, and medial roots. The last is connected 
to or closely associated with the ligamentum cervicis °’ and the ligament of the 
anal. A faint condensation for the extensor retinaculum was noted in the present 
study at twenty-six millimeters. By forty-five millimeters this and other retinacula 
were becoming thick and cellular. This thickening was characteristically present 
during the fetal period. By forty-five millimeters the arrangement of ligaments 
described by Smith was clearly evident and, with minor variations, was present 
from then on (Figs. 24 and 25). 

From thirty millimeters on, all other ligaments of the foot and ankle were 
present and became increasingly prominent by virtue of their collagenous fibers 
(Figs. 14, 15, 18, 33, and 55). Variations occurred but were not systematically 
recorded. From fifty-eight millimeters on, two parts of the plantar caleaneonavie- 
ular or spring ligament were noted—one medial and fibrocartilaginous in ap- 
pearance, the other lateral and fibrous. 

A condensation for the deep transverse metatarsal ligament was noted at sixty 
millimeters. It varied thereafter but was prominent at ninety-five millimeters. 
The arrangement of this ligament and of the sesamoid mechanism of the big toe 
was essentially that deseribed for the adult by Haines and McDougall **. 


Bursae and Tendons 

Cavitation in the synovial sheath of the peroneus longus and other tendons 
commonly began during the embryonic period proper (Figs. 7, 9, and 16). At 
thirty-five millimeters loose tissue was noted in the region of the bursa tendinis 
‘aleanei. This bursa was seen at forty-three millimeters, and was generally present 
from forty-nine millimeters on (Fig. 38). A detailed study of bursae and synovial 
sheaths was not made. 

A systematic study of tendons was not undertaken. The tendon of the tibialis 
posterior was differentiated by Stage 20, and from then on was very cellular at 
its insertion into the navicular and at its area of fusion with the spring ligament 
(Fig. 32). In fetal specimens, it commonly had a fibrocartilaginous appearance 
here, whereas its distal prolongations were fibrous (Fig. 22). Likewise in the 
embryo, the tendon of the peroneus longus was cellular opposite the tuberosity of 
the cuboid; later in the fetal period it became fibrocartilaginous in appearance 
here (Fig. 51). During the embryonic and the early part of the fetal period, its 
insertion was mainly into the first metatarsal. 


DISCUSSION 
The fact that the initial formation of the segments of a limb takes place in 
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Fig. 29: Sagittal section, left foot, in a specimen of 100 millimeters, showing periosteal bone 
(arrow) at the postero-inferolateral aspect of the caleaneus. Specimen 1125 (x 183). 


Fig. 30: Sagittal section, left foot, in a specimen of 100 millimeters, showing intramembra- 


nous ossification, with invasion of bone at the tip of the distal phalanx of the big toe. Specimen 
1125 (x 183). 


Fig. 31: Sagittal section, left foot, in a specimen of 100 millimeters, showing eccentric 
periosteal bone at the proximal phalanx of the big toe. Some calcified cartilage is adjacent. 
Specimen 100 ROR (x 183). 
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Fig. 32: Horizontal section, right foot, in » specimen of 100 millimeters. The arrow indi- 
cates the tibialis posterior tendon, which joins the spring ligament, above which is part of 
the head of the talus. Specimen 1125 (x 6.6). 

Fig. 33: Horizontal section, right foot, in a specimen of 100 millimeters, showing, from 
left to right, lateral malleolus, talus, medial malleolus, and two tibiotalar ligaments; the 
more posterior one is indicated by the arrow. Specimen 1125 (x 6.6). 


Fig. 34: Horizontal section, right foot, in a specimen of 100 millimeters, showing the talus 
and navicular. A row of cartilage canals across the talus indicates the entrance of the vessels 
from the tarsal canal below. Upper right: the extensor digitorum brevis and its tendons, 
Specimen 1125 6.6). 

Fig. 35: Sagittal section, left foot, in a specimen of 100 millimeters, showing the calcaneus 
at the right and the cuboid at the left, with a vascular, synovial fold in the joint. The arrow 
indicates the peroneus longus. Only a thin strand separates the cavity of its sheath from 
that, of the caleaneocuboid joint. Specimen 1125 (x 18.3). 

Fig. 36: Sagittal section, left foot, in a specimen of 100 millimeters, showing vascular folds 
in the ankle joint, and the capsule deficient anteriorly. A minute portion of the sustentaculum 
tali shows below the talus. Specimen 1125 (x 18.3). 


proximodistal sequence and in the spatial pattern of subsequent differentiation 
has been shown by Saunders in experiments on the wings of chick embryos *'. 
Morphological studies indieate that the sequential origin of limb parts in proxi- 
modistal order is a widespread phenomenon in vertebrates. In the case of the 
human embryo, the initial formation of the skeletal basis of the limb segments is, 
in general, proximodistal. Thus, the skeletal elements of the thigh and leg appear 
as condensed mesenchyme before those of the foot. The femur begins to chondrify 
before the tibia, and the tibia before the elements of the foot. In the foot, 
chondrifieation begins in the metatarsus slightly ahead of the tarsus, but the three 
rows of phalanges chondrify proximodistally and later than the tarsus and meta- 
tarsus. It is of interest to record that, in regard to the total number of skeletal 
elements that have commenced to chondrify by any given time, the foot is slightly, 
but distinetly, behind the hand. 

It should be emphasized that the phases of blastemal condensation, initial 
chondrification, and preliminary joint formation occur within the embryonic period 
proper, and that by the end of the embryonic period (seven weeks after ovula- 
tion) the foot resembles that of the adult in most details. It should be emphasized 
that the generalized blastemal condensation differentiated directly into structures 
characteristic of man. Many investigators have claimed that, during the ontogeny 
of the limbs, temporary structures of phylogenetic significance are found. In the 
case of the human foot, some have reported that structures characteristic of lower 
vertebrates, such as a prehallux, are present during development **. We have found 
nothing to substantiate such claims. 

Differentiation occurs rapidly and in a precise sequence. The differentiation 
of the blastema into elements arranged like those of the adult occurs from approx- 
imately five and a half to seven weeks after ovulation. With the common exception 
of the distal phalanx of the little toe, all the “eanonical” elements of the foot 
have begun to chondrify by seven weeks after ovulation. The number and arrange- 
ment of these elements, therefore, is determined prior to this time. Therefore, 
anomalies in whieh the number of skeletal elements is increased arise very early 
in intra-uterine life, and thus the causative factors must act before the end of 
the embryonie period. It is possible that, owing to failure of a skeletal element 
to continue in development, a decrease in the number of skeletal elements may 
arise after, as well as during, the embryonic period proper. In a study of develop- 
mental abnormalities induced in mice by x-rays *° or by nitrogen mustard ™, it 
has been found that the critical period during which anomalies of the feet are 
produced coincides with a very early phase in the development of the limbs. In 
terms of human embryology, this phase probably corresponds to four to five weeks 
after ovulation ™. It is of interest to record that, in the experiments on mice just 
mentioned, the critical period for the production of overgrowth (for example, 
polydactylia) was earlier than that for the inducement of reduction (for example, 
hypodactylia). 
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Piate VI 
Fig. 37: Horizontal section, left foot, in a specimen of 122 millimeters, showing the navicular 
at, the left and the medial cuneiform at the right and os paracuneiforme (arrow) near the 
tibialis anterior tendon. Specimen 122 DBM (x 18.2). 


Fig. 38: Horizontal section, right foot, in a specimen of 122 millimeters. Arrow indicates 
the bursa tendinis calcanei, Note the vascular fold in the bursa. Specimen 122 DBM (x 18.2). 


Fig. 39: Completely fused middle and distal phalanges of the fifth toe of left foot, in a 
specimen of 125 millimeters. Slight constriction and the cellular zone indicate the area of 
fusion. The arrow indicates a proximal interphalangeal sesamoid (x 27.3). 
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Figs. 40 through 44 show the middle and distal (upper) phalanges of the right foot of the 
same specimen (from lateral to medial). Note vascular connective tissue separating them on 
the lateral side. In going medially, the two fuse, but not. completely. On the medial side, 
a joint cavity separates them. Note the cartilage practically fused with the base of the middle 
phalanx in Fig. 43 (arrow). In Fig. 44, this cartilage is free as an interphalangeal sesamoid 
(arrow). Specimen 125 (x 27.3). 


Figs. 45 through 48: Horizontal section, left foot, in a specimen of 150 millimeters. From 
left to right: proximal phalanges of the second, third, fourth, and fifth toes, showing differ- 
ences in extent of periosteal-bone formation. Note that in the fifth toe, a periosteal collar 
has not formed around the proximal phalanx. Specimen 1561 (x 18.2). 


Joints 


The development of the joints of the foot is basically similar to that of the 
hand *8, Homogeneous interzones become three-layered, cavities appear in the mid- 
dle of the three layers, and synovial tissue later lines these cavities. These proc- 
esses occur also in the shoulder, elbow, hip, and knee joints. The details have been 
described in recent papers **:*4°6.27, A comparison of the shoulder, elbow, wrist, 
hand, hip, knee, ankle, and foot shows that homogeneous interzones generally ap- 
pear between five and six weeks after ovulation; three-layered interzones are found 
mostly between five and a half and seven weeks. Cavitation in the larger joints 
begins usually between six and seven weeks. The smaller joints of the hands and 
feet may not show a cavity during the embryonic period. 


Sesamoids 


The sesamoids at the metatarsophalangeal joint of the big toe begin to chon- 
drify shortly after the commencement of the fetal period. The findings on fre- 
quency and distribution of cartilaginous sesamoids in this study resemble in gen- 
eral those reported for ossified sesamoids °*. Thus, sesamoids are found almost al- 
ways at the metatarsophalangeal joint of the big toe, are found sometimes at the 
corresponding joint of the little toe, and are found rarely at the other metatarso- 
phalangeal joints. Interphalangeal sesamoids are frequently observed in the big 
toe and occasionally in the little toe. As in the hand, it seems likely that practically 
all the sesamoids which appear during fetal life ossify before adulthood. The 
occasional finding of more than two metatarsophalangeal sesamoids in the big toe 
indicates that a similar situation in the adult need not necessarily be traumatic 
in origin. 


Cartilage Canals 

Cartilage canals appeared during the fetal period in all the skeletal elements 
of the foot (Table I). Canals were present at both ends of the metatarsals, at the 
proximal phalanges, and at some of the middle phalanges, although one end of 
each of these elements is usually ossified from the shaft. Canals were noted first 
in the head of the first metatarsal and base of the fifth. There is no necessary 
connection between canal formation and epiphyseal ossification. 

In the case of the short bones (tarsals and sesamoids) the canals appear 
during fetal life, although most of these elements remain unossified until after 
birth. The appearance of canals is not a reflection of the necessity of nutrition of 
large blocks of cartilage, as is shown by the early appearance of canals in the 
sesamoids. The histological appearance of vascularization of cartilage is that of 
an invasive process. 

The order of the first appearance of cartilage canals in the tarsals is not 
related to either the order of chondrification or to that of ossification. Thus the 
cuboid is the first to begin to chondrify, the talus is first vascularized, and the 
-alcaneus is the first to begin to ossify. 


Ossification 


The chief techniques used in the study of the prenatal development of the 
human skeleton are (1) clearing followed by staining with alizarin red 8, (2) 
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Pirate VII 
Fig. 49: Horizontal section, left foot, in a specimen of 124 millimeters, showing periosteal 


hone on the surface of the caleaneus, at the right side of the illustration, Specimen 124 DBM 
(«x 8.5). 


Fig. 50: Horizontal section, left foot, in a specimen of 150 millimeters, showing endochon- 
dral ossification extending inward from periosteal bone, on the right side. Note separate 
periosteal bone at the left side of the illustration. Specimer 150 DBM (x 8.5). 

Fig. 51: Horizontal section, left foot, in a specimen of 150 millimeters, showing the peroneus 
longus tendon turning medially below the cuboid and showing transition from a fibrocartilagi- 
nous appearance to a fibrous appearance (arrow), with the fifth metatarsal at the lower left. 
Specimen 1561 (x 8.5). 
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Fig. 52: Sagittal section, right foot, in a specimen of 150 millimeters, showing the head of 
the proximal phalanx of the big toe, with the cartilage canal, at the left, and the distal 
phalanx with vascular invasion of bone and cartilage. Specimen 1561 (x 18). 


Fig. 53: Horizontal section, left foot, in a specimen of 150 millimeters, showing medial and 
lateral sesamoids of the big toe, joined by a fibrocartilag nous-like plantar ligament. Specimen 
1561 (x 18). 

Fig. 54: Horizontal section, left foot, in a specimen of 150 millimeters, showing the medial 
sesamoid of the big toe, with a cartilage canal (arrow); the sesamoid articulates with the 
first metatarsal. Specimen 1561 (x 18). 


Fig. 55: Sagittal section, left foot, in a specimen of 156 millimeters, showing the calcaneus 
at the right and the cuboid at the left. The lower arrow indicates the long plantar ligament, 
the upper arrow, the caleanean attachment of the bifureate Egament; the tarsal canal is 
at the upper right. Specimen 1551 (x 18). 


roentgenography after silver impregnation, and (3) serial sectioning. In a study 
that involved the employment of three techniques in one specimen “, it was found 
that the histological method was the most sensitive and that the first appearance 
of the alizarin and silver reactions coincided in time with the laying down of the 
periosteal collars rather than with the onset of endochondral ossification. Only 
with the advent of the latter event, however, may a “center of ossification” be 
said to be present. Histological examination is necessary to detect this phase of 
skeletal development. 

A comparison of the figures given in Table IIT shows that, in the foot, the 
results of the alizarin and roentgenographie methods in general correspond fairly 
well with the initial formation of bone collars, although the correspondence is not 
as Close as in the hand. 

Whereas ossification commences in the metacarpals and metatarsals at about 
the same time (bone collars at nine to ten menstrual weeks), ossification in the 
phalanges of the foot begins approximately three to seven weeks later than in the 
phalanges of the hand. 

The caleaneus is frequently ossified by two processes. An apparently incon- 
stant area of ossification, described as perichondral “® or parachondral *, may 
be seen as early as thirteen menstrual weeks (Table IT). It is lateral in position, 
appearing in a groove between the lateral process of the tuber behind and the 
peroneal process in front. Thus, it is behind and not, as commonly stated, 
at the site of the peroneal trochlea or tuberele. It seems likely that a report of 
bony tissue in the caleaneus of a cleared but unstained foetus of forty-two milli- 
meters was due to mistaking of the opaque eartilage of the caleaneus for bone. 
As in the case of a long bone (a resemblance stressed by Hasselwander and by 
Hintzsche), the perichondral or periosteal bone formation is followed by the 
appearance of an endochondral center *. Apparently, two such centers may some- 
times appear. At any rate, double centers have been illustrated in infants by 
several writers (for example, Caffey ' and Sehliiter **). 

In the present series an endochondral center for the talus was usually present 
from 253 millimeters on. An ossifie center for the talus, however, is not always 
present at birth 1. According to one investigator “, the center for the talus “ap- 
pears to arise originally from several ossification points which are rapidly united 
into a uniform center and therefore easily escape observation.” 

The cuboid sometimes begins to ossify before birth. Its center is said to 
develop from several foci **. The lateral cuneiform rarely presents a center in the 
new-born '*, and the remaining tarsals commence to ossify during postnatal life. 

The distal phalanges: The distal phalanges commence to ossify at about the 
same time as the metatarsals, that is, early in the fetal period. The proximal and 
middle phalanges commence to ossify somewhat later. The distal phalanges are 
peculiar in their mode of ossification. The details have been described by Dixey 7° 
and Schuseik *°. The former author pointed out that ealeification, intramembranous 
ossification, and endochondral ossification start at the tip of a distal phalanx 
instead of at the center of the shaft, as in other “long bones.” These processes 
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then advance in only one direction, namely, proximally. Vessels first invade the 
bone at the tip and then the cartilage. Not until cartilage at the tip has been 
removed does endochondral ossification begin. 


Accessoria 

In addition to the seven “canonical” tarsal elements, a large number of 
named, accessory skeletal elements have been described (for the relevant literature 
see O’Rahilly ®®*). Some of these have been observed (for example by Trolle * 
and Harris**) in a cartilaginous state in embryos and foetuses, and some may 
develop independent ossific centers in postnatal life. Examples of accessoria were 
encountered during the present investigation, but no attempt was made to assess 
their incidence. It is generally agreed that the incidence of accessoria in the adult 
is considerably higher in the tarsus than in the carpus. 


Multipartition 

The best known example of bipartition in the tarsus is that of the medial 
cuneiform *. Prenatal instances of this condition have been recorded (for example 
by Trolle **) and one was observed in an embryo of the present series. 


Fusion 

The term fusion is used in the hand and foot for the occurrence as a single 
structure of something which is usually composed of two or more elements. Exam- 
ples in the foot include talocaleanean and caleaneonavicular fusions, both of 
which conditions may be of clinical importance '4-36.57.41,87,58,100,101 Prenatal in- 
stances of both of these conditions have been recorded (for example, by Trolle %*) 
and were also seen in the present study. The embryological relationship of skeletal 
fusions to cavitation needs further investigation. 

Symphalangia, or so-called fusion between the phalanges, is found frequently 
in the little toe between the middle and distal phalanges. Venning **:*® reports the 
incidence in adults as about 43 per cent, and Pesonen ** as 29 to 34 per cent. The 
incidence among Japanese, however, is 72 per cent or more ‘***. In foetuses older 
than twelve weeks, an incidence of 36 per cent has been reported **. In the present 
series, either partial or complete fusion of these phalanges was noted in about half 
the specimens from forty-nine millimeters on, whereas it was observed in only 
three specimens smaller than forty-nine millimeters—one in the embryonic and 
two i ‘he fetal period. The incidence was somewhat higher than that reported by 
Trolle **. 

It is a distinct possibility that middle and distal phalanges which are going 
to fuse chondrify separately and then undergo cartilaginous fusion. Hence the in- 
cidence rises after the fetal period begins. The fusion is not always complete; in 
some specimens the two elements show cartilaginous fusion on one side, with con- 
nective tissue or a joint cavity intervening on the other. The incidence of tarsal 
and phalangeal fusions might well be higher in the foetus than in the adult. Some 
are partial and tenuous and could easily break down when weight-bearing begins. 


SUMMARY 

One hundred and eighty-four human embryos and foetuses were studied. They 
ranged from seven to 460 millimeters in length. 

The skeleton of the foot was blastemal by Stage 17, and the various elements 
began to chondrify between Stages 18 and 23, that is, from approximately five 
and a half to seven weeks after ovulation. Chondrification occurred in a definite 
sequence. 

Cartilage canals were first seen at forty-three millimeters; they were found 
in all skeletal c:ements, including sesamoids. Their first appearance occurred in a 
definite sequence. 

Ossifieation was first noted in the metatarsals and distal phalanges early in 
the fetal period, and later in the proximal and middle phalanges. Some middle 
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phalanges had not begun to ossify at term. Periosteal ossification was first noted 
in the calcaneus at ninety-three millimeters, and endochondral ossification at 150 
millimeters (about five months). Endochondral ossification was first noted in the 
talus at 253 millimeters (about eight months). In two specimens at term, endo- 
chondral ossification was beginning in the cuboid. Cartilaginous sesamoids were 
first noted at thirty millimeters; their distribution and frequency during the fetal 
period roughly corresponded to those reported for the adult. 

Fusions were noted as follows: talocaleanean, caleaneonavicular, cuneometa- 
tarsal, and interphalangeal. Fusion of the middle and distal phalanges of the little 
toe was common. Accessory ossicles that were noted included os paracuneiforme, 
os intermetatarsale, and a separate cartilage in the tendon of the tibialis poste- 
rior. 


Homogeneous interzones were present in the joints of the foot by Stages 20 to 

21. Cavitation began in a few joints during the embryonic period, but the forma- 

tion of three-layered interzones, followed by cavitation, began in most joints dur- 
ing a early fetal period. 

Capsules and ligaments were present as cellular condensations before cavities 

and, in some cases, before three-layered interzones appeared. 
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DISCUSSION 
CONGENITAL DISLOCATION OF THE Hip 


(Continued from page 846) 


Dr. J. Hiram Kite, Attanta, Georaia: I hadn't planned to say anything, but I am 
very much interested in these hips. The interest is this—what is it that causes aseptic necrosis? 
We have been told that it is because we do not pull the hips down and thus cause trauma 
to the head in reducing the dislocation. Now if that is true, then we should pull these heads 
down. However, this entails hospitalization of the infant for four weeks which is a financial 
strain on the parents. Nevertheless, if we can get better hips, then we must do something 
about it. I reviewed the hips (including bilateral cases) on my service and we have had just 
as much aseptic necrosis in the heads we pulled down as in the ones we did not. Our critics 
say that we did not pull them down well, but our roentgenograms disprove this. Is, then, aseptic 
necrosis due to the trauma of reduction, or might it be due to some other factor? I would 
suggest that it is atrophy since at no other time do we hold bone so long in immobilization 

six to seven months. 


Dr. H. Retton McCarroiy, St. Louis, Missourr: Dr. Ponseti says that if you are dealing 
with a dysplastic hip, or what he calls a preluxation, and if it is not treated, it will progress 
to a true dislocation. It is possible, of course, for many of these dysplastic hips to straighten 
out spontaneously, without treatment. Treatment, however, is justified in all instances because 
it is so mild. The point I want to make is this, that if we do have a persistent dysplastic hip, 
it does not occur in the form of an anterior or posterior dislocation, it simply rides superiorly 
in the acetabulum, and this is what we have always called a superior or rather an upward 
subluxation. It is entirely different from the anterior or posterior position of this hip and 
they are entirely two different problems. I would like to indicate that there are two distinct 
clinical entities that we are dealing with here, one is a primary dislocation and the other 
is a primary dysplastic hip. They are entirely different. You can separate them in the infant 
and their management is entirely different. 


Dr. Ponseti (closing): I disagree with Dr. MeCarroll that the dysplastic hip or the pre- 
luxation is different from the dislocation. We had five cases of preluxation in which the treatment 
was refused by the parents and dislocation developed. When a positive Ortolani sign is en- 
countered the child must be treated. If he is not treaied the hip will dislocate. 

In Caffey’s paper, published about two years ago, it is indicated that preluxated hips 
usually develop well without treatment. These do well without treatment if they have a negative 
Ortolani sign, but when there is a positive Ortolani sign, I am sure that most of them will dis- 
locate. 

A point now about the positioning of the hips. I feel sure that the aseptic necrosis of the 
head of the femur is related to reduction. The necrosis is seen in high dislocations reduced 
without previous traction or in cases immobilized in the first position with the thighs in too 
much abduction. In this position the head of the femur is pressed with too great force 
against the acetabulum; I am also quite sure that in dislocation of the hips in children, the 
best position after reduction is with the thighs in flexion of 90 degrees (or 100 degrees maxi- 
mum) and abduction of 70 or 80 degrees, because in this position the head of the femur 
is well centered in the acetabulum and can build a deeper acetabulum than if the second 
position is used. 

We should, by all means, try to see in our communities these children early, preferably 
under one year of age, and then the result of treatment will be almost uniformly good. 
I think it is of great discredit to our profession that we see these children after they have 
started walking, and certainly if we see them after two years of age. This should happen 
only in the jungle, but not in the modern United States. 
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Frozen-Shoulder Syndrome in Patients with 
Pulmonary Tuberculosis 


BY J. T. H. JOHNSON, M.D., BALTIMORE, MARYLAND 


From the Department of Surgery, Division of Orthopaedic Surgery, 
Johns Hopkins Hospital, Baltimore 


As consultant in orthopaedic surgery to several tuberculosis sanitaria, I have 
long noted the high incidence of the so-called frozen-shoulder syndrome among the 
patients in these hospitals. Although it is well known that this syndrome is often 
associated with cardiac and other debilitating illnesses *°, the literature is quite 
sparse concerning its relationship with pulmonary tuberculosis. 

Franklin and Nemeik noted a high incidence of shoulder complaints of vary- 
ing degree in tuberculous patients at Fitzsimons Army Hospital. These patients 
were not followed for any length of time, but the authors were discouraged by the 
poor results obtained by any method of treatment. Einaudi recently reported a 
high incidence of periarthritis of the shoulder in tuberculous patients in Italy, but 
he too did not have any long-term follow-up of these cases. 

In order to clarify not only the incidence but the clinical course and eventual 
result of this condition, I decided to follow all cases seen in one hospital in a given 
period of time. Mount Wilson State Hospital was selected—a modern, efficient 
institution near Baltimore—in which patients of all ages with all degrees of tuber- 
culosis are treated. The calendar year of 1956 was chosen, and all patients with 
the frozen-shoulder syndrome who were seen by me in that period were included 
in the series. This obviously meant, in a chronie condition such as this, that some 
patients first had distress with their shoulders in 1955, others continued to have 
difficulty on into 1957, but all had been afflicted to some degree in 1956. 

The next problem was to clarify what was to be included under the term 
frozen shoulder. Many patients had pain and some degree of stiffness without real 
“freezing” ever developing. Therefore, an arbitrary minimum of 50 per cent limita- 
tion of scapulohumeral motion was set; this was further defined as inability to 
abduet the shoulder either actively or passively beyond 90 degrees. The grading 
of percentage of stiffness was necessarily rough because factors like apprehension 
and pain could not be excluded, but with practice a fairly accurate estimate could 
be made. 


Incidence 

Twenty-nine patients with at least 50 per cent limitation of shoulder motion 
were seen in 1956; seven had bilateral limitation. There was thus a total of thirty- 
six shoulders. Most remarkable of all, and a tribute to the advantages of study in 
a tuberculosis sanitarium, all patients were followed for at least six months, or 
until recovery. 

In 1956, the average daily census of the hospital was 408 patients, so the 
probability of frozen shoulder was 7.1 per cent per patient year. The average 
hospital stay was 277 days, so only 904 patients were in the hospital during the 
year, some for as little as a day, some for the entire year. Counting total patients 
for 1956, the incidence of frozen shoulder was 3.2 per cent. 

Age 

The patients with frozen shoulders ranged in age from thirty-seven to sixty- 
eight years; only one was under forty, and only three over sixty years old, with 
the average being 50.8 years. In the hospital at large the average census was 170 
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patients in the group of patients forty to sixty years old. As our series showed 
twenty-five patients in this age group, the average incidence per hospital year 
in the forty to sixty-year group was 14.7 per cent (nearly one case in six). In the 
group under forty, the incidence was a minute 0.55 per cent, and in the group over 


sixty years, only 3.7 per cent. 
Sex 
In this series there were twenty men and nine women, showing what seemed to 


be a preponderance of men. However, the hospital averaged 67 per cent men and 
33 per cent women, so the final ratio was 7.3 per cent men and 6.6 per cent women. 


Side of Body with Shoulder Lesion 

It was believed that the side of the body with shoulder stiffness might be of 
significance. However, in this series there were seven patients affected bilaterally, 
ten patients with the lesion on the right side, and twelve with the lesion on the left 
side, giving seventeen (47 per cent) right shoulders and nineteen (53 per cent) left 
shoulders. 


Side of Body with Pulmonary Lesion 

There are numerous theories that periarthritis of the shoulder is related to 
reflex neurological changes stimulated by pathological changes elsewhere. Follow- 
ing this line of thought, it would be logical to expeet the pathological changes to 
predominate in an area with the same general reflex are as the affected shoulder and 
it was anticipated that there would be some correlation of the side of the body 
with the lung lesion with the side of the body with the affected shoulder. Instead, 
it was found that the major lung lesions were on the same side as the frozen shoul- 
der in only 13 per cent and were on the opposite side in 27 per cent, whereas the 
lungs were equally affected or both shoulders were involved in 60 per cent of the 
patients. The apparent predilection for the opposite side was not considered to be 
statistically significant in this small series, and it was felt that the figures show 
only that the side of the body with the lung lesion is not important. 


Severity of Lung Lesion 

There was, however, a definite correlation between frozen shoulders and sever- 
ity of the pulmonary tuberculosis. In 13 per cent of our patients the tuberculosis 
was mild; in 35 per cent, moderate; and in 52 per cent, severe. 


Duration of Hospitalization 

Similarly, there seemed to be a definite connection between the length of hos- 
pitalization and the onset of shoulder symptoms. Only 21 per cent of the patients 
had onset of shoulder symptoms in the first three months of hospitalization, 58 per 
cent in the three to six-month period, and 21 per cent after six months. It is inter- 
esting to note that none of the patients, except two transfers from another sani- 
tarium, had frozen shoulders before admission. 

It is the general policy of this and other tuberculosis hospitals to put patients, 
especially those with severe or moderately severe lesions, on relative bed rest for 
at least three to six months. Excessive exercise is discouraged, and sometimes over- 
emphasis on rest and dire predictions of the consequences of activity are needed 
to restrain recaleitrant patients. 

All patients were receiving antitubereulosis drugs, and many were receiving a 
combination of drugs. Therefore, an accurate correlation between any one drug 
and frozen shoulder was impossible. 

From the figures, it seems that the debilitated person of from forty to sixty 
years of age, after three months of bed rest, is the ideal candidate for a frozen 
shoulder. 
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Clinical Course 

I was eager to follow these patients to see how their clinical course and end 
results compared with those patients with frozen shoulder seen elsewhere. Fortu- 
nately, all of these patients received practically the same treatment for their shoul- 
ders. This treatment was essentially laissez faire or watehful waiting—just symp- 
tomatie medication and occasional application of heat—so that the natural course 
of the condition could be observed. The primary approach was to reassure the 
patient and to explain that although the condition might worsen before improving 
eventual recovery was practically certain. It was even more valuable to refer them 
to someone on their ward or just down the hall, who had recovered from the same 
condition. 

Physical therapy was not available at first and was not requested thereafter, 
as the patients seemed to be doing well. Cortisone was decided against for these 
patients with active tuberculosis. All patients in the active inflammatory phase 
of periarthritis were advised to use their arms as much as possible in motions that 
did not hurt, but not to try painful stretching. Patients in the healing phase were 
advised to do, and shown how to do, wall climbing, rope pulling, and other exer- 
cises, but there was little control over how well these exercises were done. 

Objective evaluation was primarily concerned with the limitation of motion 
associated with the frozen-shoulder syndrome. According to my evaluation, in 
twenty-six shoulders (72 per cent) of those involved there was, at worst, 50 to 65 
per cent limitation of glenohumeral motion; in four shoulders (11 per cent) there 
Was 65 to 80 per cent limitation; and in five shoulders (16 per cent) there was over 
80 per cent loss of motion. 

In the average frozen shoulder there are two simple and distinet clinical 
phases—one of increasing pain and stiffness, and one of gradually decreasing pain 
and stiffness. Although the dividing line is not abrupt, most patients are able to 
recognize, within a few weeks, when the tide turned and improvement started. 

In this series, increasing pain and stiffness lasted less than three months in 
only four patients (14 per cent); over four months in only three patients (10 per 
cent); and three to four months in twenty-two patients (76 per cent). 

The duration of decreasing stiffness was harder to evaluate as some patients 
would show slight improvement, especially in range of motion, for many months 
after a good functional recovery had been attained. Eventually, a point was se- 
lected at which the patient was no longer significantly bothered by the arm and 
used it freely, This usually coincided with at least 80 per cent of normal range of 
motion. 

In five patients (17 per cent) the duration of decreasing stiffness to relative 
recovery Was less than three months. In seven patients (24 per cent) it was greater 
than four months. Again, however, for the majority, seventeen patients (59 per 
cent), the duration was three to four months. 

Thus, the total duration of the condition was under six months in four patients 
(14 per cent), six to eight months in twenty-one patients (72 per cent), and over 


eight months in four patients (14 per cent). 
The evaluation of the final result is also somewhat inaceurate as some patients 
were last seen only six to eight months after onset of their symptoms. In these a 
finding of 80 per cent of normal motion would probably, in a few more months, 
change to 90 or 100 per cent. A few other patients were followed closely for nine 
months to a year before they attained satisfaetory motion; they were then dis- 
charged from further observation. 
I classified the final range of motion in sixteen shoulders (44 per cent) to be 95 
» 100 per cent of normal; fourteen shoulders (39 per cent) to be 90 to 95 per cent of 
normal; four (LL per cent) to be 80 per cent; and two shoulders (6 per cent) to be 
70 per cent. These last two shoulders were complicated by surgery; one patient had 
w bronchocutaneous fistula whieh had completely scarred down his scapula, and 
one patient had thoracoplasty on the affected side. 
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Subjective Clinical Course 

The second major clinical characteristic of the frozen-shoulder syndrome is 
the purely subjective one of pain. This is very hard to evaluate accurately but 
most patients can be classified rather easily as having mild, moderate, or severe 
pain. Almost all patients will have pain on stretching or strenuous use of the in- 
volved arm. Most patients have fairly comfortable use of their arms during light 
activity, with the elbow near the side. Therefore, pain at rest—particularly at 
night—was felt to be a more accurate guide of the degree of severity. 

All patients were asked about night pain. If they rarely lost more than an 
hour’s sleep because of pain, the pain was classified as mild. If they lost one to 
three hours’ sleep for one to three weeks, pain was considered moderate. Anything 


worse than this was classified as severe. 
When this criterion was used, fifteen eases (52 per cent) were considered mild; 
five cases (17 per cent), moderate; and nine cases (31 per cent), severe. 


Localization of Pain 

All patients were asked to localize the areas of greatest pain and tenderness. 
Almost all said that the pain moved about, sometimes worse on top of the shoulder, 
sometimes over the lateral part of the shoulder and upper part of the arm, and, 
occasionally, in the forearm. The most common area was the lateral portion of 
the upper part of the arm, near the deltoid insertion. This also seemed to be the 
area of maximum tenderness in many patients, although most, especially those 
whose pain was in the acute phase, had tenderness in many areas. The bicipital 
groove was frequently tender but rarely more so than other areas, including the 
nearby coracoid process. Biceps-tendon tests gave no more positive results than 
other tests that put strain on an acutely inflamed shoulder. 


Psychological Reaction 

Most authors have noted a high correlation between nervous and emotionally 
unstable persons and frozen shoulder. Coventry even went so far as to describe a 
“periarthritie personality”. To evaluate this aspect I examined the patients’ charts 
for a history of neurotic or unstable behavior either before or during hospitaliza- 
tion. In addition, the patients were asked to evaluate their own nervous behavior 

—whether they were high-strung, tense, or subject. to frequent maladies. It was 
realized that hospitalization for tuberculosis was an unsettling experience, how- 
ever, all of these patients were hospitalized and many actually were relieved of 
anxiety by having somebody else look after them. 

When both the medical evaluation and the patient’s own interpretation were 
used, fourteen patients (48 per cent) were classified as having stable personalities, 
seven patients (24 per cent) as being moderately stable, and eight patients (28 per 
cent) as having basically unstable personalities. I felt that in this series there 
was no such thing as a periarthritie personality, and that the malady could develop 
in anyone, whether emotionally stable or unstable. 

There was, however, as might be expected, a definite correlation between pre- 
vious emotional instability and the patients’ nervous reactions to the frozen shoul- 
der. Of the eight patients classified as emotionally unstable, five had severe 
nervous reactions to their shoulder symptoms, and three had moderately severe 
reactions. 

Also, as might be expected, there was considerable correlation between degree 
of pain and nervous reaction. Of the nine patients whose pain was classified as 
severe, six had severe nervous reactions; one, moderate; and two, mild. The ques- 
tion always arises whether it is the pain that causes the nervous reaction or the 
psychie element that increases the apparent pain. This is, of course, impossible to 
answer, but it can be noted that of those patients complaining of severe pain, only 
two had severe objective stiffness; three, moderate stiffness; and four, mild 
stiffness. 
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It is my opinion that even though the incidence and objective symptoms of 
the frozen-shoulder syndrome are not directly connected to the patient’s tempera- 
ment, the subjective symptoms are. Since nervous people, complaining of great 
pain, make the greatest noise and fuss, the erroneous impression has been created 
that they form the great majority of sufferers. 


Previous Shoulder Problems 


All patients were questioned about previous shoulder problems in an effort to 
see if these could be initiating or predisposing factors. A remarkable feature that 
evolved from this study was the relative lack of shoulder difficulty in the months 
or years preceding the onset of the frozen shoulder. Of twenty-nine cases only one 
patient had a clear-cut history of bursitis with calcium deposit. One had had a 
recent wrist fracture with probable simultaneous contusion of the shoulder. Two 
patients had thoracoplasty ; one shortly after the onset of shoulder symptoms, and 
one when the frozen shoulder seemed to be improving. In both patients the shoul- 
ders became considerably worse for several months; one had tuberculous osteo- 
myelitis of the upper metaphysis of the humerus of the involved shoulder. 

I was impressed by the lack of any history of chronic disability of the shoul- 
der as well as the lack of recent disease or injury that could have triggered the 
onset of the frozen shoulder. Some of the patients on whom pulmonary operations 
were performed during the course of the active inflammation were made worse, 
just as some patients are made worse by ill advised manipulation or too vigorous 
physical therapy. 

Roentgenograms were made in a number of cases and in general showed only 
mild osteoporosis and the so-called high shoulder with the humerus riding a little 
high in the glenoid, and the space between the acromion and the head of the 
humerus slightly diminished. 


Associated Stiffness in Other Joints 

Some diffuse stiffness in the fingers developed in six patients, in the same side 
as the shoulder involvement. In three the stiffness was quite severe; these cases 
could be classed as typical of the shoulder-hand syndrome. As usual in these 
eases, the hands limbered up much more slowly and less completely than the 
shoulders. 

Two patients had mild swelling and stiffness of the knees and two had chronic 
back pain. One man had symptoms of mild generalized rheumatoid arthritis with 
occasional swollen joints. One patient had bilaters] Dupuytren’s contracture and 
one, a trigger-thumb. In general, however, the frozen shoulder seemed to be a local 
condition rather than part of a systemie rheumatic reaction. 


Other Diseases 


All of the patients with frozen shoulder obviously had pulmonary tuberculosis 
of greater or lesser degree. Several had pulmonary complications such as em- 
physema or empyema. A few had minor cardiac conditions. In general, however, 
there were few other complicating diseases and no evidence that any influenced the 
shoulder condition, except in those few patients, previously mentioned, who had 
thoracic surgery and infection in the shoulder-girdle area. 


Subfrozen Shoulders 


Many patients complained of aching and frequently of some stiffness; how- 
ever, their shoulders could not be included in this series because 50 per cent limita- 
tion of motion was never reached. Also, of the twenty-two patients in this series 
with only one frozen shoulder recorded as such, six had some degree of pain and 
stiffness in the opposite shoulder. 

It is apparent that not only do we not know the cause of this condition, but 
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we cannot predict how severe the condition will become or whether it will develop 
at all. 


CONCLUSIONS 

This study brings out several convincing statistical conclusions of a positive 
nature: 

1. The high incidence of frozen shoulder in a tuberculosis sanitarium. 

2. The great majority of patients were in the age group of forty to sixty years. 

3. The onset is generally three to six months after admission to hospital and 
after prolonged bed rest. 

4. The majority of cases occurred in patients with fairly severe lung disease 
and general debility. 

5. The clinical course is fairly long, but relatively mild. 

6. The end results are good despite minimal therapy. 
There are also several convincing conclusions of a negative nature. There is: 

1. No significant variation according to sex. 

2. No significant predilection for shoulder lesion according to a particular 
side of the body. 

3. No significant correlation with pulmonary lesion according to a particular 
side of the body. 

4. No significant correlation with previous shoulder symptoms. 
5. No significant correlation with patients’ nervous reaction or the periar- 
thritic personality. 

COMMENT 


Periarthritis of the shoulder in the patients, seen by me, is probably due to 
bed rest and relative disuse in a debilitated person who is at the age when normal 
degenerative changes are occurring in the shoulder cuff and other structures. There 
may be an endocrine factor as this is the so-called menopausal period, and the 
debilitated patient probably has, in addition, adrenocortical insufficiency. Anti- 
tuberculosis medication could be a faetor, but no evidence for this was found. 

Preventive treatment, consisting in regular arm exercises for the patients forty 
to sixty vears old who are on bed rest, should be considered. 
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Final Report of the Committee for the Study 


of Femoral-Head Prostheses * 


The results of two previous surveys on the use of femoral-head prostheses were 
reported in 1953 and 1954. In these surveys an attempt was made to ascertain the 
number of members of The Academy using hip prostheses and the type of prosthe- 
sis being employed. An evaluation of the results was not attempted then since 
insufficient time had elapsed. This third survey, three years later, was designed 
to obtain, in addition to other data, statistics on the results of these procedures. 
In 1957 all members of The Academy received questionnaires; these were four 
pages long and required a considerable amount of time and effort to fill out. The 
following information was obtained: 

To the question: “Are you now using femoral-head prostheses?’’, 453 members 
replied in the affirmative, eighty-eight in the negative, and ten answered incom- 
pletely. There were then 551 replies to this question. 

The 453 members of The Academy who were using prostheses had performed 
10,059 unilateral and 96 bilateral procedures. The eighty-eight members who were 
not using prostheses had performed 119 procedures before discontinuing the use of 
prostheses. This made a total of 10,274 procedures. 

The patients ranged in age from two to 107 years—an average age of 86.7 
years. 

The follow-up time in months after operation ranged from one to 120 months. 
The average follow-up time was 54.35 months. 

The number of surgeons using the various types of prostheses were: 195, 
Moore; 134, Thompson; 76, Eicher; 19, Naden-Reith; 10, Minneapolis; and 4, 
Judet. There were eighteen other types of prostheses, none of which had been used 
by more than five men. 

Replies to the question: “What type of prosthesis did you formerly use?” in- 
dicated that rather striking changes had occurred in the numbers of surgeons using 
the various prostheses, as shown by the following: 137, Judet; 92, Eicher; 64, 
Naden-Reith; 30, Thompson; 24, Moore; 21, Judet nylon; 16, Collison; and 8, 
Minneapolis. There were sixteen other prostheses, each of which had been used by 
about eight surgeons. 

From these data it is apparent that there has been a very definite trend to- 
ward the use of an intramedullary-stem prosthesis in preference to the short-stem 
varieties, and nylon has been abandoned completely. 

The reasons given for the change and the number of surgeons giving each of 
these reasons were: Judet wobbled and became loose, 27; acrylic wore down or 
broke, 25; intramedullary type is better, with more stability, 19; Moore gives bet- 
ter rotation of the hip, 18; Naden-Reith was unstable and drifted into varus, 13; 
nylon fractured, 12; Judet stem too short, resulting in varus, 10; Thompson easier 
to apply, 7; Collison fractured, 6; Eicher too heavy, 3; J. E. M. Thomson drifted 
into varus as the neck absorbed, 3; and Thomson became loose, 3. There were nine- 
teen other reasons for change. 

The indieations for the use of femoral-head prostheses and the number of 
surgeons mentioning these indications were: subcapital fractures in patients over 
sixty to seventy years of age, 225; aseptic necrosis and fragmentation of the femoral 
head, 186; non-union of fractures of the femoral neck, 178; hypertrophic arthritis, 
traumatic arthritis, and malunited fractures, 163; rheumatoid arthritis, 51; path- 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, New 
York, N. Y., February 4, 1958 
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ological fracture or tumors and radiation necrosis, 22; loss of reduction or failure 
after reduction and fixation with a nail, 19; Legg-Calvé-Perthes disease or old, 
slipped capital femoral epiphysis, 15; bilateral hip disease, 12; and Parkinson’s 
disease, 6. Twenty other indications were also mentioned. 

It is interesting to note that in the preliminary survey the use of a prosthesis 
in a fresh subeapital fracture was in fourth place. In this survey this indication 
now becomes the most common. 

Similar data on the contra-indications to the use of these prostheses were: in- 
fection (including tuberculous), 156; acute fracture in patients under sixty years 
of age, 110; adolescence, 65; debility or poor surgical risk, 56; osteoporosis, 48; 
rheumatoid arthritis, 38; osteo-arthritis, 26; cystic acetabular disease, 25; any 
remaining head, 13; and where cup would be better, 12. Thirty-eight other contra- 
indications were also recorded. 

These figures show that any previous infection is considered a primary contra- 
indication. Many surgeons believe that fresh fractures of the hip should not be 
treated with a prosthesis if the patient is under sixty years of age. 

The value of a prosthesis in treating rheumatoid arthritis of the hip appears 
to be in dispute since this disease is frequently considered both an indication and 
contra-indication. 

The data obtained on results cannot be evaluated too satisfactorily since the 
questionnaire requested only the over-all results, without any references to the dif- 
ferent reasons for which the operation was performed. It is now well known that 
the results after insertion of a prosthesis for fresh fracture are superior to results 
after the same procedure for rheumatoid arthritis of the hips. Thus, the results of 
this portion of the questionnaire are of limited value. 

The functional results, in percentages, of the patients reported were: walking 
with one cane, 32.35 per cent; walking unaided, 28.8 per cent; walking with cane or 
crutches, or both, 20.8 per cent; not walking, and in a wheel chair, 10.1 per cent; 
and bedridden, 7.95 per cent. No information is available as to how many of the 
patients listed as walking with one cane are doing so on direct orders from their 
orthopaedic surgeon, even though they probably can walk unaided. Similarly, there 
is no information as to what percentage of the patients reported as not walking 
or bedridden after operation were not walking or were bedridden prior to the in- 
sertion of the prosthesis. These statistics are therefore of relatively little value. 

An attempt was made in the questionnaire to evaluate the results in the opinion 
of the patients. However, in too many of the replies the doctors’ and the patients’ 
evaluation of the results were identical, suggesting that the patients’ opinion was 
not actually asked and possibly that the patient was not really re-examined. 

The evaluations of results according to both patient and doctor were: excel- 
lent—doctor, 24.2 per cent and patient, 26.3 per cent; good—doctor, 37.7 per cent 
and patient, 37.8 per cent; fair—doctor, 22.4 per cent and patient, 21.3 per cent; 
and poor—doctor, 15.7 per cent and patient, 14.6 per cent. In the opinion of The 
Committee giving this report these statistics are properly inaccurate. 

The statistics concerning complications are recorded according to the number 
of men reporting and not as the actual number of complications: 

In dislocation of the prosthesis, 111 surgeons reported anterior dislocation; 
97, posterior; 72, lateral; and 41, central (through the acetabulum). In fractures 
as a result of insertion of the prosthesis, 178 surgeons reported early and 49 reported 
late fracture of the femur; and 8 surgeons reported fracture of the acetabulum. 

Two hundred and fifty-four surgeons reported infection as a complication; 
218, mortality; 157, phlebitis; 14, protrusion of the stem from the lateral aspect 
of the femur; 11, calcification in the capsule; 6, sciatic-nerve palsy; 5, pain; 2. 
ankylosis; and 2, nylon allergy. 

The type and number of broken prostheses and the location of break were: 
Judet—41, stem and neck; 29, head; and 11, rim. Nylon Judet—9, head; and 
2, stem. Naden-Reith—8, neck; and 5, stem. Eicher—14, stem; 10, neck angle; and 


THE JOURNAL OF BONE AND JOINT SURGERY 


aig. 
; 
ay 
| 
} 
1 
| 


FINAL REPORT 885 


1, stem (bent). Collison—11, serews. Anderson—5, head; and 1, stem. Seuderi—5, 
stem. Lippman—4, stem. Moore—1, stem. Minneapelis—1, head. Jewett—1, cen- 
tral. MceBride—1, neck. Girard—1, angle. 

The relative frequency of breakage of the stem types of prosthesis is apparent. 
It is believed that all of the Eicher prostheses reported as breaking in this series 
were of the original stainless-steel type. 

Data on the operative approach were recorded as to the number of times the 
approach was used. (It is the feeling of The Committee that in many instances the 
surgeon Was not sure just what approach had been used.) 

The posterior lateral approach was reported as used 3,736 times; the anterior, 
1,709 times; and other approaches were used 503 times. The other approaches in- 
cluded: Watson-Jones, Moore, lateral, short Kocher, anterior lateral, transverse, 
posterior, and Osborn. 

Additional data in respect to operative technique were rather unsatisfactory 
owing to the way the questions were worded. The following information was ob- 
tained: 

1. The short rotators were frequently divided or sectioned. 

2. Only about one in ten surgeons removed and subsequently replaced the 
trochanter. 

3. The joint capsule was closed by 90 per cent of the surgeons, whereas the 
remaining 10 per cent closed the capsule in fres!: fractures, but resected it in recon- 
structive procedures. 

Total failures were reported in 756 instances. The surgical procedures per- 
formed to salvage some of the failures, and the results obtained were reported as 
follows: 

The prosthesis was replaced with a smaller one in 41 with good results; prosthe- 
sis removed, 37 with fair to poor results; dislocation of prosthesis reduced, 26 with 
fair to good results; fusion of the hip, 24 with good results if fusion was obtained, 
but a high rate of pseudarthrosis; incision and drainage for infections, 20 with poor 
results; Colonna reconstruction, 14 with fair to good results; broken prostheses re- 
placed, 5 with good results; obturator neurectomy, 4 with fair results; acetabulum 
deepened, 4 with fair results; and osteotomy, 2 with poor results. One Whitman 
reconstruction and one adductor tenotomy gave fair results and the result of one 
cup arthroplasty was poor. 

Among the eighty-eight men who replied that they did not use hip prostheses, 
seventy-seven had not used this appliance because their practice was either limited 
to surgery of the hand, or because they were retired or physically disabled. The 
remaining eleven men had used a total of 119 prostheses and then discontinued their 
use because of poor results. 

Committee for the Study of Femoral-Head Prostheses 
Donald E. King, M.D. 
Lee Ramsay Straub, M.D. 
Claude N. Lambert, M.D., Chairman 
DISCUSSION 

Dr. Duncan C. McKeever, Houston, Texas: No doubt The Committee realizes many 
of the shortcomings of its current report. Some of the more obvious deficiencies could be 
responsible for the drop in the number of returns. It would seem to be a waste of time to col- 
lect the information requested when it cannot possibly be comniled into informative statistics. 

The objective of The Committee is to determine whether a hip prosthesis is a feasible 
and useful procedure. The only cases of value in such a study are those in which a properly 
designed prosthesis is correctly inserted in a suitable hip. 

No one has stated the principles to be followed in designing a prosthesis. 

Some surgeons use one surgical approach, some another. No one has stated a list of 
necessary and desirable objectives by which the most suitable surgical technique could be 
determined. 

No one has stated the anatomical, physiological, and psychological factors that have bearing 
on the success or failure of such a procedure. 


VOL. 41-A, NO. 5, JULY 1959 


oH 
| 
4 
| 
| 
| 
| 
| 
= 
| 
= 
| 
ee 
=, 
ea 
Bie 
j 
| 
| 
| 
| 
¥ 
— i 


S886 DISCUSSION 


No one has stated standards by which a proper course of postoperative care could be 
determined or when weight-bearing can be safely instituted. 

Such standards, subject to later revision, could be formulated on the basis of present 
knowledge. 

The following are some of the more obvious deficiencies in the questionnaire: 

1. The question on the patient’s age does not state whether the answer required is the 
age at the time of operation or the age at the time of check-up. 

2. The questionnaire fails to take differences in diagnoses into account. So far as this 
report is concerned a hip prosthesis is a hip prosthesis regardless of the condition for which 
it is used. It is neither fair nor informative to compare the result obtained after a prosthesis 
is applied in a fresh fracture with the result obtained after a prosthesis is applied in an old 
fracture, a malum coxae senilis, or in any other condition. These conditions should be eval- 
uated separately. 

3. There is a listing for excellent, good, fair, and poor results. There is no listing for an 
out-and-out failure. There is no differentiation for a prosthesis inserted in a_ bedridden 
patient, a procedure done merely to relieve pain and enable the patient to sit and move 
about in bed. If this goal is attained the result is excellent. However, such a result would be 
classified «a failure if the patient had been expected to walk. 

4. There is no provision for comparison of quality of results in relation to duration of 
results. A hip prosthesis may give an excellent result at the end of one year, a good result at 
the end of five vears, a poor result at the end of eight vears, and then be a failure at the end of 
ten years. A patient who walked for one year after imsertion of a hip prosthesis, without 
symptoms or without even a limp and then died of some other condition would be con- 
sidered as having an excellent result, whereas, in another few months or years osteoporosis 
or intrapelvic protrusion might have occurred and the result would have been classified as 
complete failure 

5. There is no differentiation in the fair or poor results, or failures, as to whether or not 
they occurred as a result of a fault or failure of the prosthesis, a fault or failure of the surgeon, 
or a fault of the patient’s metabolic state. There could, in many cases, be a combination of 
these reasons. Such failures cannot be used to condemn prostheses per se. 

6. In the number of months of follow-up there is a minimum, a maximum, and an 
average. In my series of cases a one-month follow-up is listed along with a 114-month 
follow-up. This gives an average of 57.5 months. Of what significance is this figure? Does 
multiplication of such figures make them more significant? 

7. Is any bilateral case to be compared with any unilateral case? Is a procedure done 
for bilateral malum coxae senilis to be compared with a bilateral procedure done for Striim- 
pell-Marie arthritis, or bilateral congenital dislocation of the hip in an achondroplastic 
dwarf? On what basis? 

It would appear that a complete revision of the basic questionnaire, and the formulation 
of some fundamental standards for assessment of cases must be carried out before useful 
and informative statistics can be compiled. 
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A Clinical Comparative Study of Autogenous 
and Homogenous-Bone Grafts 


BY PETER L. CARNESALE, M.D., AND JACK D. SPANKUS, M.D., MILWAUKEE, WISCONSIN 


From the Orthopaedic Surgical Service, Wood Veterans Administration Hospital, 
and the Marquette University School of Medicine, Milwaukee 


Many opinions have been expressed concerning the clinical suecess of homog- 
enous or autogenous-bone grafts '**. The use of the autogenous graft is popular be- 
cause most surgeons feel that it is superior. We will substantiate this impression 
through the elinieal analysis of 304 bone-grafting procedures. No similar compre- 
hensive comparative study of autogenous and homogenous-bone grafts has been 
reported. These procedures were done at the same hospital under the direction of 
the same supervising orthopaedic staff—the optimum condition for the most re- 
liable comparative conclusions. Reports have been made by investigators at dif- 
ferent institutions on the results of either autogenous or homogenous-bone-graft- 
ing, but comparing the results of one group with those of another is unreliable 
because of the many variables. 

Only two comparative clinical studies are reported in tne literature. In 1949, 
Weaver reported seventeen cases in which fresh homogenous bone was used and 
thirty-two cases in which autogenous bone was used. He had an 8.8 per cent in- 
cidence of failure with fresh homogenous grafts as compared with a 21.9 per cent 
incidence of failure with autogenous grafts. He suggested that his success with fresh 
homogenous bone was due to the availability of a larger quantity of the particular 
type of bone desired. In 1954, Hay noted “little difference” between autogenous 
and homogenous grafts in a series of fifty-five bone-graft procedures, in thirty- 
three of which autogenous and in twenty-two of which homogenous bone was used. 

We are reporting a study of 143 consecutive bone-grafting procedures in which 
merthiolate-preserved, homogenous bone was used, 137 consecutive bone-grafting 
procedures in which autogenous bone alone was used, and twenty-four consecutive 
bone-grafting procedures in which a mixture of merthiolate bank bone and autog- 
enous bone was used. These figures do not include ten procedures in which there 
was no follow-up. All bone-grafting procedures done between January 1948 and 
January 1958 are included. The age of the patients ranged from nineteen to sixty- 
two years. The use of merthiolate-preserved, homogenous bone was begun in March 
1949, and the method of preservation was that described by Reynolds. This method 
was found to be simple and inexpensive; no elaborate equipment was necessary. 

The incidence of infection for autogenous grafts was 9 per cent (thirteen cases) 
but in one case there was drainage at the time of bone-grafting. The incidence of 
infection for homogenous grafts was 5 per cent (seven cases) but in two cases there 
was drainage at the time of surgery. For the combined grafts the incidence of in- 
fection was 8 per cent (two cases). The total incidence of postoperative infection 
was 7 per cent (twenty-two cases). 

We used merthiolate bone indiscriminately in all cases early in the series. 
Soon we became more selective because we realized more failures and eventually 
used homogenous bone only in specifie situations. For example, it was used when 
the available supply of bone was not adequate, when the hazard of surgery was 
thought to be too great to obtain autogenous bone, when no previous plan was 
made to obtain autogenous bone, and, often, when a mechanical support was neces- 
sary as in a depressed plateau fracture of the tibia. 

The following conclusions were drawn by several investigators after evaluat- 
ing autogenous and homogenous grafts in experimental animals 34:20.11.15.18.19,21,24; 
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No one has stated standards by which a proper course of postoperative care could be 
determined or when weight-bearing can be safely instituted. 

Such standards, subject to later revision, could be formulated on the basis of present 
knowledge 

The following are some of the more obvious deficiencies in the questionnaire: 

1. The question on the patient’s age does not state whether the answer required is the 
age at the time of operation or the age at the time of check-up. 

2. The questionnaire fails to take differences in diagnoses into account. So far as this 
report is concerned a hip prosthesis is a hip prosthesis regardless of the condition for which 
it is used. It is neither fair nor informative to compare the result obtained after a prosthesis 
is applied in a fresh fracture with the result obtained after a prosthesis is applied in an old 
fracture, a malum coxae senilis, or in any other condition. These conditions should be eval- 
uated separately. 

3. There is a listing for excellent, good, fair, and poor results. There is no listing for an 
out-and-out failure. There is no differentiation for a prosthesis inserted in a bedridden 
patient, a procedure done merely to relieve pain and enable the patient to sit and move 
about in bed. If this goal is attained the result is excellent. However, such a result would be 
classified a failure if the patient had been expected to walk. 

1. There is no provision for comparison of quality of results in relation to duration of 
results. A hip prosthesis may give an excellent result at the end of one year, a good result at 
the end of five vears, a poor result at the end of eight vears, and then be a failure at the end of 
ten vears. A patient who walked for one year after insertion of a hip prosthesis, without 
symptoms or without even a limp and then died of some other condition would be con- 
sidered as having an excellent result, whereas, in another few months or years osteoporosis 
or intrapelvic protrusion might have occurred and the result would have been classified as 
complete failure 

5. There is no differentiation in the fair or poor results, or failures, as to whether or not 
they oecurred as a result of a fault or failure of the prosthesis, a fault or failure of the surgeon, 
or a fault of the patient’s metabolic state. There could, in many cases, be a combination of 
these reasons. Such failures cannot be used to condemn prostheses per se. 

6. In the number of months of follow-up there is a minimum, a maximum, and an 
average. In my series of cases a one-month follow-up is listed along with a 114-month 
follow-up. This gives an average of 57.5 months. Of what significance is this figure? Does 
multiplication of such figures make them more significant? 

7. Is any bilateral case to be compared with any unilateral case? Is a procedure done 
for bilateral malum coxae senilis to be compared with a bilateral procedure done for Striim- 
pell-Marie arthritis, or bilateral congenital dislocation of the hip in an achondroplastic 
dwarf? On what basis? 

It would appear that a complete revision of the basic questionnaire, and the formulation 
of some fundamental standards for assessment of cases must be carried out before useful 
and informative statistics can be compiled 
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A Clinical Comparative Study of Autogenous 
and Homogenous-Bone Grafts 


BY PETER L. CARNESALE, M.D., AND JACK D. SPANKUS, M.D., MILWAUKEE, WISCONSIN 


From the Orthopaedic Surgical Service, Wood Veterans Administration Hospital, 
and the Marquette University School of Medicine, Milwaukee 


Many opinions have been expressed concerning the clinical suecess of homog- 
enous or autogenous-bone grafts '2*. The use of the autogenous graft is popular be- 
cause most surgeons feel that it is superior. We will substantiate this impression 
through the clinical analysis of 304 bone-grafting procedures. No similar compre- 
hensive comparative study of autogenous and homogenous-bone grafts has been 
reported. These procedures were done at the same hospital under the direction of 
the same supervising orthopaedic staff—the optimum condition for the most re- 
liable comparative conclusions. Reports have been made by investigators at dif- 
ferent institutions on the results of either autogenous or homogenous-bone-graft- 
ing, but comparing the results of one group with those of another is unreliable 
because of the many variables. 

Only two comparative clinical studies are reported in the literature. In 1949, 
Weaver reported seventeen cases in which fresh homogenous bone was used and 
thirty-two eases in which autogenous bone was used. He had an 8.8 per cent in- 
cidence of failure with fresh homogenous grafts as compared with a 21.9 per cent 
incidence of failure with autogenous grafts. He suggested that his success with fresh 
homogenous bone was due to the availability of a larger quantity of the particular 
type of bone desired. In 1954, Hay noted “little difference” between autogenous 
and homogenous grafts in a series of fifty-five bone-graft procedures, in thirty- 
three of which autogenous and in twenty-two of which homogenous bone was used. 

We are reporting a study of 143 consecutive bone-grafting procedures in which 
merthiolate-preserved, homogenous bone was used, 137 consecutive bone-grafting 
procedures in which autogenous bone alone was used, and twenty-four consecutive 
bone-grafting procedures in which a mixture of merthiolate bank bone and autog- 
enous bone was used. These figures do not include ten procedures in which there 
was no follow-up. All bone-grafting procedures done between January 1948 and 
January 1958 are included. The age of the patients ranged from nineteen to sixty- 
two years. The use of merthiolate-preserved, homogenous bone was begun in March 
1949, and the method of preservation was that described by Reynolds. This method 
was found to be simple and inexpensive; no elaborate equipment was necessary. 

The incidence of infection for autogenous grafts was 9 per cent (thirteen cases) 
but in one case there was drainage at the time of bone-grafting. The incidence of 
infection for homogenous grafts was 5 per cent. (seven cases) but in two cases there 
was drainage at the time of surgery. For the combined grafts the incidence of in- 
fection was 8 per cent (two cases). The total incidence of postoperative infection 
was 7 per cent (twenty-two cases). 

We used merthiolate bone indiscriminately in all cases early in the series. 
Soon we became more selective because we realized more failures and eventually 
used homogenous bone only in specific situations. For example, it was used when 
the available supply of bone was not adequate, when the hazard of surgery was 
thought to be too great to obtain autogenous bone, when no previous plan was 
made to obtain autogenous bone, and, often, when a mechanical support was neces- 
sary as in a depressed plateau fracture of the tibia. 

The following conclusions were drawn by several investigators after evaluat- 
ing autogenous and homogenous grafts in experimental animals *:4:20:11.15.18.19,21,24; 
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TABLE I 
AN ANALYSIS OF THE RESULTS AS TO THE TyPE OF GRAFT EMPLOYED 
Type of Bone Total Failure 
(No.) (Per cent) 
Autogenous-bone graft 
Block graft 54 9 17 
Chip graft 83 7 8 
Homogenous-bone graft 
Block grait 48 15 31 
Chip graft 95 18 19 
Autogenous and homogenous graft 
Autogenous-block and 
homogenous-chip graft 6 2 33 
Autogenous-chip and 
homogenous-block graft l 
Autogenous and homogenous- 
chip graft 17 3 IS 
Total 304* 54 


*Ten cases without follow-up not included. 


1. There is a negligible difference between frozen, freeze-dried, and merthio- 
late-preserved homogenous bone. 

2. Homogenous bone is slower to incorporate, causes more tissue reaction, and 
has a higher incidence of failure than autogenous bone. 

A procedure was called successful when there was clinical and roentgeno- 
graphie evidence of incorporation of the graft. The grafts listed in Table I were 
used either in the form of a full-thickness block or in the form of thin wafers, chips, 
or bone meal. The latter three are grouped together. Chip grafts were made from 
cancellous bone obtained with a rongeur, curette, or bone cutter. Bone meal was 
made by passing cancellous bone through a bone mill. No histological investigation 
was made concerning the host-tissue reaction to homogenous grafts. 

Table II summarized all the conditions for which bone grafts were used. Tables 
IIT, 1V, V. and VI give in more detail the information listed in Table IT. The subse- 
quent comparative review of autogenous and homogenous grafts will refer to these 
tables. The number of cases of various types of procedure is small in many in- 
stances. It is not the intent of this paper to draw conclusions from them alone. 
The significant conclusions are obtained by comparing the total figures of each type 
of bone graft. 


Spine Fusions (Seventy-Three Cases; Table II) 

It may be noted that all conditions, except tuberculosis, which necessitated 
arthrodesis of one or more segments of the spine are grouped together. As stated 
previously, a fusion was called successful when there was clinical and roentgeno- 
graphic evidence of incorporation of the graft. Solid union of the transplant across 
one interspace and a pseudarthrosis at another was considered to be a failure. The 
highest incidence of pseudarthrosis occurred when homogenous bone alone was 
used. Merthiolate bank bone in Table IT is listed separately because the graft bone 
was predominantly bank bone although fragments of autogenous spinous processes 
and laminae were included. The heading in Table II of Autogenous and Bank 
Bone refers to fusions in which bank bone supplemented bone taken from the 
ilium. Here the bank bone was not predominant. Of the thirty-four spine fusions 
with homogenous bone, twelve were performed with a full-thickness H homograft 
and twenty-two with homogenous chips. There were four failures in each group. 

A point of interest is that spine fusion for tuberculosis was more successful 
than for any other condition. All fusions were successful in this group. This was 
attributed to the long period of immobilization and bed rest. 
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TABLE 


AN ANALYsIS OF THE RESULTS OF THE UsE oF Bone GRartTs IN 
ARTHRODEsSIS OF JOINTS OTHER THAN THE Spine (94 Cases) 
Merthiolate Bank |= Autogenous and 
Indication Autogenous Bone Bone Bank Bone 
Successful Failures Successful Failures Successful Failures 


Tuberculosis 


Wrist 4 1 
Hip 3 ] ] 
Knee 1 
Ankle 2 
Subastragalar 
Total 10 2 


Other arthropathies 
Shoulder joint 


Traumatic arthritis 2 ] 
Elbow joint 
Traumatic arthritis 1 1 1 
Wrist joint 
Ununited navicular fracture 7 2 2 ] 
Traumatic arthritis l 
Subsequent to removal of 
lunate l 
Ununited lunate fracture l 
Avascular necrosis of lunate ] 
Quiescent rheumatoid 
arthritis 1 
Hip joint 
Malum coxae senilis 6 1 1 1 
Traumatic arthritis 3 
Avascular necrosis, femoral 
head 2 ] 
Pyarthrosis (quiescent) 1 
Sacro-iliac joint 
Traumatie arthritis 3 
Ankle joint 
Traumatic arthritis 15 1 
Subastragalar joint 
Traumatic arthritis 2 4 
Tarsometatarsal joint 
Traumatic arthritis ] 
Total 46 3 12 3 3 
Flail joint from polio or injury 
Shoulder 1 1 3 i 
Wrist 2 
Ankle 2 
Ankle and subastragalar l 1 
Tibiocaleaneus 1 
Total 7 2 3 1 
Total 63 4 14 8 4 ] 


Arthrodesis of Tuberculous Joints (Except Vertebral) 
(Fourteen Cases; Table IIT) 

Arthrodesis of tuberculous joints, other than those of the spine, failed when 
homogenous bone was used (three eases). An onlay graft across the wrist in one 
case failed to incorporate at its distal end. However, the patient remained asympto- 
matic, and further surgery was not necessary. One Brittain fusion of the hip in 
whieh a full-thickness homograft was used failed. Another Brittain hip fusion in 
which a combination of autogenous and homogenous bone was used failed. 
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AUTOGENOUS AND HOMOGENOUS-BONE GRAFTS 


TABLE IV 


AN ANALYSIS OF THE RESULTS OF THE USE oF 
Bone GRAFTs IN FRESH FRACTURES (27 Cases) 


Site of Fracture Autogenous Bone 
Successful Failures 


Merthiolate Bank Bone 
Successful Failures 


Ulna 
Femoral neck 

Trochanteric area 2 
Femoral shaft 

Tibial plateau 

Tibial shaft 

Calcaneus 


QO 


Total 


TABLE V 
AN ANALYSIS OF THE or BoNE 
IN UNUNITED FRAcTURES (78 Cases) 


Merthiolate Bank Autogenous and 


Site of Fracture Autogenous Bone Bone Bank Bone 
Successful Failures Successful Failures Successful Failures 
Humerus 1 2 2 
Radius 
Ulna 5 
id Carpal navicular l 
Trochanteric ares 2 
Femoral shaft 3 l 7 i 2 | 
Tibia 15 7 11 ; | 2 
Medial malleolus 2 


Total 


Arthrodesis for Arthropathies Other Than Tuberculosis 
(Sixty-Seven Cases; Table IIT) 


In the series of homogenous-bone-graft procedures two failures occurred in 
the same patient after two attempts had been made to fuse a wrist with homoge- 
nous-bone chips for a painful joint resulting from an ununited navicular fracture. 
Success was obtained after a sliding graft was used. The third failure occurred 
after an extra-articular shoulder arthrodesis of the Brittain type with a homog- 
enous strut. 

In the series of autogenous-bone-graft procedures a pseudarthrosis developed 
at the distal end of a sliding graft of the wrist which was fused because of pain 
due to avascular necrosis of the lunate bone. There was a failure to fuse an ankle 
joint after the use of an onlay autogenous graft. A pseudarthrosis resulted from 
the use of an autogenous full-thickness graft in a Badgley hip fusion. 


Arthrodesis of Flail Joints Due to Poliomyelitis or Injury 
(Thirteen Cases; Table IIT) 

Three failures in the series of homogenous-bone-graft procedures involved 
the shoulder joint. In one patient, two attempts were made to do a Brittain type 
of fusion with a homogenous strut. The graft failed to unite with the humerus. 
After an intra-articular fusion was done the graft incorporated. The third failure 
occurred in a similar procedure when the strut became displaced ten days after 
operation. 
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TABLE VI 


AN ANALYSIS OF THE RESULTS OF FILLING 
Bone Derects with Bone (25 Cases) 


Etiology of Defect 
Successful Failures Successful Failures 
Osteomyelitis 4 1 3 2 
Tumors and cysts 
Benign (11 cases) 
Bone cyst 
Giant-cell tumor 
Enchondroma 
Fibroma 
Neuroma 
Malignant (4 cases) 
Multiple myeloma 
Sclerosing osteogenic sarcoma 


Total 


Fresh Fractures (Twenty-Seven Cases; Table IV) 

The majority of the grafts were used to correct depressed fractures of the 
tibial plateau and the calcaneus. These homogenous grafts consisted of small blocks 
of bone inserted to maintain elevation of the depressed fragments. Subtrochanteric 
osteotomies which were produced for treatment of various conditions were listed 
as fractures in the trochanteric area. One non-union occurred at an osteotomy site 
when homogenous bone was used. An attempt to treat a femoral-neck fracture by 
inserting a homogenous block of bone three and a half inches by a quarter inch 
through the neck failed when the graft did not incorporate. 


Ununited Fractures (Seventy-Eight Cases; Table V) 

Seven of the ten failures in the group of autogenous-bone-graft procedures 
were caused by postoperative infection. The :ractures had been compound wounds 
or had prior surgical intervention with resultant postoperative drainage. Two other 
failures occurred in ununited fractures of the ulna and the radius. The tenth failure 
resulted from the use of autogenous chips in an ununited supracondylar fracture 
of the femur. 

Two of the nine failures in the series of homogenous-bone-graft procedures 
were caused by postoperative infections. The use of homogenous chips for two 
ununited supracondylar fractures of the femur resulted in failure. The fifth failure 
occurred when the distal end of an onlay homogenous graft did not incorporate in 
an ununited fracture of the shaft of the femur. Another failure resulted when an 
onlay homogenous graft broke because of early mobilization of an ununited fracture 
of the humerus. In a similar case another onlay graft used for a non-union failed 
to incorporate at the distal end of the humerus. Homogenous chips which became 
incorporated in the neck of the femur, but did not stop the progression of avascular 
necrosis of the femoral head, were responsible for the eighth failure. In the ninth 
case a pseudarthrosis developed after homogenous chips had been inserted in an 
ununited fracture of the tibia. 

Three failures resulted after the use of a combination of autogenous and 
homogenous bone: two because of postoperative infection, the third because of 
non-union of a supracondylar fracture of the femur. 

Four of the failures previously described resulting from non-union of a supra- 
condylar fracture of the femur occurred in the same patient. 


Malunions (Seven Cases: Table IT) 
All eases of bone-grafting resulted successfully. 
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AUTOGENOUS AND HOMOGENOUS-BONE GRAFTS 


Defects Caused by Osteomyelitis (Ten Cases; Table VI) 


Two of five attempts to fill defects in bone due to active chronic osteomyelitis 
after saucerization and the insertion of homogenous bone failed. One of the success- 
ful results in the homogenous bone-graft series was in a patient with a sclerosing 
osteitis. One of five cases resulted in failure when autogenous chips were used. 


Defects Caused by Tumors (Fifteen Cases; Table VI) 

The following are our failures: A bone cyst of the femur packed with homoge- 
nous-bone chips resulted in failure because the patient fell and fractured the 
femur through the cyst twenty-three days after surgery. A giant-cell tumor of the 
‘aleaneus was packed with homogenous chips after curettement of the defect; one 
year later the tumor recurred. At subsequent surgery there was no evidence of 
incorporation of the graft. A fibroma of the distal femur was removed by curette- 
ment, and the defect was packed with homogenous-bone chips; five months later 
there was roentgenographie evidence of absorption. Study of another biopsy speci- 
men resulted in the diagnosis of reticulum-cell sarcoma. An attempt was made to 
resect a sclerosing osteogenic sarcoma of the upper end of the tibia and to fuse the 
tibia to the femur with the use of anterior and posterior onlay homogenous grafts. 
The graft failed to incorporate and the tumor recurred. 

One patient with multiple myeloma of eleven years’ duration was previously 
reported *. He had a defect in the shaft of the femur and one in both tibiae. Massive 
onlay homogenous grafts were used for the defects of the femur and of one tibia. 
Homogenous chips were used for the defect of the other tibia. These grafts incor- 
porated and the patient is still active and working. 


SUMMARY 


In the past ten years, 137 autogenous and 143 merthiolate-preserved, homoge- 
nous-bone-grafting procedures have been performed. Twenty-four additional pro- 
cedures were done in which a combination of autogenous and homogenous-bone 
grafts was used. Thus there is a total of 304 surgical procedures. There were sixteen 
(12 per cent) failures in the autogenous group, thirty-three (23 per cent) in the 
homogenous group, and five (21 per cent) in the group in which a combination of 
autogenous and homogenous-bone grafts were used. All failures were included re- 
gardless of the reason, and no distinction was made as to the etiology of the non- 
union. 

The incidence of failure with autogenous chips was 8 per cent. When a full- 
thickness autogenous-bone block was used, the incidence of failure was 17 per 
cent. The incidence of failure with homogenous chips was 19 per cent; when a 
full-thickness block graft was used the incidence was 31 per cent. A combination 
of autogenous and homogenous chips resulted in an 18 per cent incidence of failure. 
The occurrence of infection with merthiolate-preserved homogenous grafts was less 
than that with autogenous grafts. Bone grafts inserted in the presence of infection 
usually resulted in failure. No allergic reaction or sensitivity to merthiolate oc- 
curred unless one concludes that the greater number of failures from the use of 
merthiolate bone is on this basis. 


CONCLUSION 


This clinical review confirms the impression that autogenous grafts are superior 
to homogenous grafts. Homogenous-bone grafts are satisfactory in specific situa- 
tions, but they must be protected for a longer period of time than autogenous grafts. 
They may be used when the available supply of autogenous bone is not adequate 
for the particular situation or when the hazard of surgery is materially increased 
by the obtaining of autogenous bone. Homogenous bone may be used also when no 
previous plans have been made to obtain autogenous bone. Homogenous bone was 
often used when a mechanical support was necessary and the condition did not 


VOL. 41-A, NO. 5, JULY 1959 


|| 
f 
re a4 
“ 
i 
| 
R 
| 
re, 
die 
| 
| 
4 


894 P. L. CARNESALE AND J. D. SPANKUS 


warrant the taking of an autogenous graft, for example, in a depressed plateau 
fracture of the tibia. We believe that it is of the most value in supplementing 
aucogenous bone. 
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Treatment of Giant-Cell Tumor of Bone* 
BY EINER W. JOHNSON, JR., M.D., AND DAVID C. DAHLIN, M.D., ROCHESTER, MINNESOTA 


From the Sections of Orthopaedic Surgery and Surgical Pathology, Mayo Clinic and 
Mayo Foundation?+, Rochester 


In 1956, Lichtenstein said that the more he saw of giant-cell tumors of bone, 
the more wholesome was his respect for them. Jaffe, in 1953, said that giant-cell 
tumor of bone was a treacherous lesion that was difficult to assay in respect to its 
clinical behavior. These two comments, by recognized authorities in the field of 
bone tumors, give a thumbnail sketch of the problem presented by giant-cell tumor. 
For some time we have thought that the treatment of giant-cell tumors leaves much 
to be desired, and the analyses of several large series of cases that have appeared 
in the literature serve only to add to the confusion of the reader when he attempts 
to determine the proper course of treatment for any given giant-cell tumor of bone. 
It was because of these conflicting claims and because of the confusion concerning 
the best method of treatment mentioned in the literature as well as our own ig- 
norance of the best therapy that this study was undertaken. We thought that 
thorough study of a large series of giant-cell tumors of bone in which long-term 
follow-up data were available would be of value. 

For reviews of the literature on the entire problem of giant-cell tumor the 
reader is referred to the articles by Coley, Higinbotham and Kogure, by Stewart 
and Richardson, by Williams, Dahlin and Ghormley, and by Jaffe °. 


MATERIAL 

The series consisted of 116 consecutive cases of giant-cell tumor, taken from 
the files of the Mayo Clinic. Variants of giant-cell tumor were carefully excluded 
because of their notorious dissimilarity to giant-cell tumor in regard to response 
to therapy. By inquiries directed to patients, referring physicians, and relatives, 
follow-up information for varying lengths of time on every patient was obtained. 
This study is concerned primarily with determination of the results of the prevail- 
ing methods of treatment of these tumors. 

The problem of definition of recurrence developed when the case records were 
reviewed. The roentgenograms and other available data sometimes failed to dis- 
close whether further treatment was given because of actual or suspected recur- 
renee. Prior irradiation or surgical treatment often made the interpretation of the 
roentgenographic findings very difficult. Sometimes, additional radiation therapy 
was given for recurrent pain or disability when no appreciable change could be 
seen on the roentgenograms. For the purposes of this study, a recurrence was con- 
sidered to have taken place when the patient received any treatment three months 
or more after completion of the initial therapy. A successful case was one in which 
no recurrence was noted after initial therapy. 

The ages of the definitive group of 116 patients varied from twelve to seventy- 
one years, and 63.8 per cent were in the third and fourth decades of life. Women 
predominated in the ratio of sixty-four to fifty-two (Table I). 

Sixty-three of the tumors occurred in the upper portion of the tibia or the 
lower portion of the femur, with the latter site being the most common. The third 
most common site was the sacrum, with eleven tumors, and the fourth, the lower 
portion of the radius, with nine (Fig. 1). 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, 
Chicago, Illinois, January 26, 1959. 

+ The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the 
University of Minnesota. 
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Since many of the patients received multiple forms of treatment, they were all 
grouped arbitrarily into five categories according to the primary treatment given 
as follows: (1) patients treated by curettage, (2) patients treated by excision, in 
which the entire tumor and its encasing shell of bone were removed, (3) patients 
treated by amputation, (4) patients treated by irradiation, and (5) two patients 
who fitted into none of the preceding categories. One of these had biopsy and aspira- 
tion only, and the other had biopsy and Coley’s toxin; both died. 

Since many of these patients re- 
ceived various forms of therapy eitlier 
primarily or for recurrences of the tumor, 
such as excision or amputation after 
curettage or irradiation, the same pa- 
tients are of necessity considered in more 
than one treatment category. This has 
made the clear and concise presentation 
of the results of therapy for each of the 
116 patients virtually impossible. How- 
ever, it is the purpose of this study to 
present the results of the various forms 
of therapy rather than to present case 
histories that include all phases of treat- 
ment for each patient. 


OBSERVATIONS ON TYPES OF TREATMENT 


Patients Treated by Curettage 

The seventy-one patients in this 
group were subjected to 146 separate 
treatment sessions. Many combinations 
of treatment were employed for these 
patients including curettage with or with- 
out grafts, preoperative and postoper- 
ative radiation therapy, and chemical 
cautery of the cavity. None of these an- 
cillary measures appeared to influence 
the rate of recurrence in this group, al- 
though the numbers of patients receiving 
the various combinations of treatment 
are too small to be statistically signifi- 
cant in many instances. The data on age, 
sex, and skeletal localization for these 
seventy-one patients did not deviate sig- 
nificantly from those for the entire series. 
The patients treated primarily by curet- 
tage were further subgrouned according 
to the length of time they were observed (Table II). 

A solitary pulmonary metastatic deposit developed in one of these patients 
four and one-half years after the primary lesion in the distal portion of the radius 
had been controlled by curettage and roentgen therapy. The primary tumor and the 
excised metastatic deposit were histologically benign and not different from the 
other 115 originally benign giant-cell tumors in this series that did not metastasize. 

Amputation became necessary as a secondary procedure in fourteen of the 
patients treated by primary curettage. Secondary sarcoma, massive recurrence, 
and persistent draining and disabling lesions were the reasons for amputation. 

Successful results from curettage—that is, freedom from recurrence during 
the period of follow-up—were obtained in only thirty of the seventy-one patients. 


Fic. 1 
Skeletal distribution of 116 cases of 
giant-cell tumor. 
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TABLE I 
AGE AND DistrIBUTION or 116 PATIENTS witH GIANT-CELL Tumor or Bone * 


Age Sex Total No. of Patients 
(Years) Male Female 
(No. of Patients) 


0- 9 
10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 


TABLE II 
Resutts IN PATIENTS TREATED BY CURETTAGE 


Follow-up Period Site of Tumor Results No. of Patients 
(Years) (Mean Success Failure 
Ve ars) 


0-4 24 Upper tibia 
Sphenoid 
Lower femur 
Spine (body L-1) 
Lower radius 
Sacrum 
Upper fibula 


Upper tibia 
Lower femur 
Sacrum 

Upper fibula 
Ilium 

Lower humerus 
Lower radius 


Lower femur 
Lower tibia 
Lower humerus 
Upper tibia 
Ilium 

Lower radius 


Upper tibia 
Lower femur 
Upper femur 
Ilium 
Sacrum 
Lower tibia 
Lower radius 


Lower femur 
Foot 

Sacrum 

Upper tubia 
Lower ulna 
Lower humerus 
Lower radius 
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18 23 41 
16 17 33 
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* The youngest patient was twelve years of age; the oldest was seventy-one. 
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In the remaining forty-one patients the tumor was judged to have recurred because 
additional treatment was considered necessary three or more months after comple- 
tion of the primary therapy. Some of these patients had as many as four recur 
renees, but the majority had only one or two. It may be seen in Figure 2 that 704 
per cent of the seventy-one patients were free of recurrence at the end of one year, 
but when they were followed for five years this figure dropped to 45.9 per cent, 
and at ten years it was only 40.4 per cent. There were no recurrences after ten years. 
This first computation of the recurrence rate ineludes patients who had had some 


100 
90 


48.3 459 


459 442 


of recurrence) 


42.4 


(free 


Total group-71 patients 


Subgroup -55 patients (excludes patients treated 
elsewhere prior to first clinic visit) 


Per cent success 


I 
5 6 7 


Years following first clinic treatment 
Fic. 2 
Percentage of patients treated by curettage who were free of recurrence of giant- 
cell tumor at stated intervals after the first treatment at the Clinic. 


of their treatment elsewhere, but the recurrence data as shown on the graph are 
formulated from the date of the first treatment at the Mayo Clinic. The seeond 
computation of the recurrence rate on the fifty-five patients who had their first 
treatment at the Mayo Clinic (that is, patients exclusive of the sixteen who had 
had their initial treatment elsewhere) revealed that 50.5 per cent were free of re- 
currence after five years, and none had recurrence after eight years. This smaller 
group is represented by the second curve in Figure 2. 

The distribution of patients according to interval between the first treat- 
ment and recurrence or recurrences is shown in Tables III through V. Twenty-one 
of the forty-one patients who had a first recurrence had it within the first year, and 
another ten patients had it in the second year after completion of the primary 
treatment. Six of the sixteen patients who had a second recurrence had it within 
a year after treatment of the first recurrence, whereas eleven patients had the 
second recurrence within two years after treatment for the first recurrence. All 
but one of the seven patients who suffered a third recurrence manifested it within 
two years after treatment for the second recurrence. It is apparent that most. re- 
currences, whether first, second, or third, developed at some time within the first 
two years after previous therapy, although some were long delayed; about half 
became manifest within one year. 


Patients Treated by Excision 


The tumors of fourteen patients were treated primarily by excision, and those 
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TABLE III 
DistrRiBUTION oF PATIENTS Havinc ONE or More 
RECURRENCES AFTER First TREATMENT AT Mayo CLiinic 


No. of 
Interval between First Treatment and First Recurrence Patients 


0-2 months 
3-5 months 
6-8 months 
9-11 months 
1-2 vears 

2-3 vears 
3-4 vears 
1-5 vears 
5-6 vears 
6-7 vears 
7-8 vears 
8-9 vears 
9-10 vears 


of another four were completely excised after failure of curettage and ancillary 
measures. The ages of the fourteen patients varied from eighteen to forty-eight 
years; eight patients were women. The tumors were situated as follows: in the 
lower portion of the ulna in five patients; in the lower portion of the radius in three; 
in the upper portion of the fibula in three; in the lower portion of the femur in one; 
in the upper portion of the femur in one; and in the upper portion of the tibia in 
one. 

Twelve of the fourteen patients had no reeurrence while being followed for 
an average of 16.2 years; six of these, however, died from unrelated causes. Two 
had unsuecessful results. In one of these, excision of a tumor in the upper portion 
of the femur was probably suecessful, but ancillary radiation therapy was given, 
and the functional result was compromised by radiation necrosis of the acetabulum. 
The other patient had non-union after excision of a tumor of the upper end of the 
tibia, and secondary amputation was necessary. None of the four tumors exeised 
after unsuccessful prior therapy has recurred. Two of these patients were followed 
for six and forty-eight vears, respectively, after excision, whereas the other two 
were observed for less than one year. 

The signifieant fact is that sixteen of the eighteen patients treated by excision 
of the tumor and its surrounding shell of bone and fibrous tissue have had sue- 
cessful results, and the follow-up periods have averaged 14.9 years. In one of 
these successfully excised tumors, anaplastic fibrosarcoma coexisted with the giant- 
cell tumor in the lower portion of the femur but the patient was alive and well 
forty-seven years later. 


Patients Treated by Radiation 


Irradiation after biopsy was the primary form of treatment in thirteen pa- 
tients whose ages varied from twenty-one to fifty-five vears. Six patients were 
women. Three of the tumors occurred in the sacrum, four in the lower portion of 
the femur, and one each in the ilium, the upper portion of the humerus, the lower 
portion of the tibia, the upper portion of the tibia, the lower portion of the radius, 
and the seventh rib. The tumor of the ilium was associated with generalized Paget’s 
disease of bone which involved the same ilium as did the giant-cell tumor. 

Trradiation was not successful in controlling the tumor in any of these thirteen 
patients. Eight patients were followed for periods that varied from five to thirty 
years (average, seventeen years) after this form of primary therapy, and there 
were thirty-six individual trials of treatment, One patient died nineteen years 
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after initial treatment when a postoperative meningitis developed after operation 
for recurrence. Two patients required amputation because of recurrent tumor, and 
one required it because of a pathological fracture which appeared to be the result 
of both recurrence of the tumor and radiation necrosis. The remaining patients 
were treated with curettage and bone-grafting. 

Five of the thirteen patients were followed for less than five years; four died 
within this period, and one was lost to follow-up. No post-mortem examinations 
were obtained on the four patients who died, but their local physicians reported 
that in two with sacral tumors and in one with a rib tumor the cause of death ap- 
peared to be due to recurrence, whereas, in the remaining patient, death was caused 
by “pulmonary trouble” of an unknown type. 


TABLE IV 
DisTRIBUTION oF PATIENTS Havinc Two or More 
RECURRENCES AFTER First TREATMENT AT Mayo CuIinic 


No. of 7 


Interval between First and Second Recurrence Patients 


0-2 months 1 
3-5 months 3 
6-8 months 2 
9-11 months 

1-2 years 5 
2-3 years 

3-4 years 

4-5 years 2 
5-6 vears 

6-7 years 2 


7-8 years 
8-9 vears 


Total 


TABLE V 
DistRIBUTION OF PATIENTS Havinc THREE or More 
RECURRENCES AFTER First TREATMENT aT Mayo Cuinic 


No. of 


Interval between Second and Third Recurrence Patients 


0-2 months 


3-5 months 2 
5-8 months 

9-11 months 2 
1-2 years 2 


2-3 years 
34 years 
4-5 vears 
5-6 vears 


Total 


Radiation therapy was employed at some time for seventy-four of the 116 
giant-cell tumors. Its effeet was usually difficult to evaluate, as Stewart and Rich- 
ardson have also noted. In some instances, sloughing of the wound, radiation der- 
matitis, atrophy of the extremity, and persistent drainage from the tumor site oc- 
curred after its use. In at least one case these side effects necessitated amputation. 
In another, chronic postradiation ulceration over the sacrum contributed much to 
the patient’s morbidity and disability. Various methods of radiation were em- 
ployed, ineluding implantation of radon seed, application of radium, and roentgen 
therapy. Little justification for either preoperative or postoperative irradiation is 


THE JOURNAL OF BONE AND JOINT SURGERY 


4 
| 
Wy 
| 
16 
| 
7 4 
‘ 


TREATMENT OF GIANT-CELL TUMOR OF BONE 01 


evident here, except for tumors so situated that adequate surgical treatment is 
impossible. 


Patients Treated by Amputation 


Amputation was the primary form of therapy in sixteen cases. Reasons for 
amputation included mistaken diagnosis of malignant disease (in the early years 
covered by this study), extensive destruction of bone, severe disability, infection, 
and hemorrhage. In one patient, who lived for twenty-three years after amputation, 
a fibrosarcoma coexisted with the giant-cell tumor within the same radiolucent 
area. One patient of this group was lost to follow-up, and one died from pneumonia 
eight years after amputation, but the other patients were alive and well when last 
heard from. Four received irradiation of the stump and groin after operation, and 
one received irradiation of the tumor before operation. 

Fourteen of the sixteen patients were followed for more than five years (av- 
erage 20.6 years). Three of the fourteen patients died—two from heart disease, and 
one from pneumonia. In none was a recurrence noted. Two patients were followed 
for less than five years; one of these was lost to follow-up, and the other had no 
recurrence at two and one-half years after the first type of therapy. 

Eighteen patients underwent amputation after primary treatment failed. The 
primary treatment was curettage in fourteen, excision in one, and radiation in 
three. Ten were followed for five years or more (average, 26.7 years), seven were 
followed for less than five years, and one was lost to follow-up. Eight patients 
underwent amputation because of malignant transformation, and ten because of 
massive recurrence, progression of the tumor, or drainage. There was no recurrence 
in these last ten patients during the follow-up period. The patients with malignant 
disease are considered separately. 


OBSERVATIONS ON RESULTS AFTER TREATMENT 
Sarcomatous Transformation 


A total of ten sarcomata developed after treatment for giant-cell tumors which 
vere originally no more anaplastic than the remainder of the 116 lesions. Eight 
of these malignant tumors were fibrosarcomata and two were osteogenic sarcomata. 
Nine tumors had received radiation along with other therapy for the original benign 
lesion. One sarcoma developed seventeen months after curettage and grafting for a 
giant-cell tumor of the lower end of the femur, and produced death within a year 
despite amputation. 

Fight of the nine giant-cell tumors undergoing sarcomatous change after ra- 
diation therapy in this series were reported previously by Sabanas and Dahlin. 
One of the nine cases reported by these authors was excluded from the present 
series because of a change in diagnosis. The ninth case included here is that of 
a lesion in the sacrum which has been followed for only nine months. 

The intervals between primary treatment and the proof of sarcomatous change 
in these nine patients varied from forty-three to 167 months. In all but three, the 
interval was five or more years. One of these sarcomata occurred in the ilium and 
caused death in less than a year. Another arose in the sacrum of a patient who 
was still alive nine months after the diagnosis was established. Major tubular 
bones were affected in eight instances: five sarcomata were in the lower end of 
the femur, two were in the upper end of the tibia, and one was in the lower end of 
the humerus. All eight of the affected extremities were amputated, with the result 
that six of the patients died within three years from the effects of the malignant 
tumor and two survived for intervals of twenty-four and seventeen years, respec- 
tively, without evidence of recurrence. 

In addition to these ten sareomata which developed after treatment of giant- 
cell tumors, there were two instances in which sarcoma and giant-cell neoplasm 
coexisted in the same radiolucent area at the time of the first treatment. In both 
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Fic. 3-A Fic. 3-B Fig. 3-C 

Figs. 3-A through 3-C: Giant-cell tumor of the distal part of the right radius in a woman, 
twenty-eight years old, who had an unsuccessful trial of radiation therapy in 1951, with recur- 
rence of the tumor. 

Fig. 3-A: Appearance in July, 1952. 

Fig. 3-B (top): The tumor presenting through the dorsal cortex of the radius at operation. 

Fig. 3-B (bottom): Portion of the right radius removed; the defect was bridged with dual 
tibial gr: ifts. 

Fig. 3-C: Solid arthrodesis evident in January 1955. (At the time of writing the patient 
worked as a typist, and had minimal disability. The cosmetic appearance is good.) 


of these, as previously mentioned, the condition had been cured for long intervals— 
one by total excision of the lesion, and one by amputation. 


Giant-Cell Tumor of the Sacrum, Ilium, and Vertebra 


We were especially careful in our attempts to avoid inclusion of variants of 
giant-cell tumor in these bones beeause of the known rarity of giant-cell tumor 
here. Nevertheless, this series contains eleven sacral, six iliac, and a single verte- 
bral giant-cell tumor, the last affeeting the first lumbar vertebra. Except for one 
iliae lesion which was treated with Coley’s toxin alone and one sacral lesion, all 
these lesions received radiation therapy. Beeause of their locations, only partial 
removal of many of them was possible. Despite this, five patients with sacral and 
three with iliae giant-cell tumor were alive and well for intervals that varied from 
five to thirty-five years. The remaining patients were either dying or had died 
from the effects of their tumors, although some did live usefully for a number of 
years. Two of these patients were among those who had postirradiation sarcomata. 
It seems likely that irradiation was responsible for some of the “cures” and for 
some of the prolongation of life in patients with sacral, iliac, and vertebral giant- 
cell tumors. 


Grading of Giant-Cell Tumors 


The original tumors in this series were carefully studied to find out if the 
histological appearance would enable estimation of whether the tumor would recur 
or undergo subsequent malignant transformation. The tumors that were cured by 
one treatment, that recurred, that ultimately became malignant, and even the one 
that metastasized although histologically benign, were indistinguishable. As Troup 
has shown, those giant-cell tumors that contain frankly sarcomatous stroma at the 
time of first treatment are logically classed with osteogenic sarcomata and bear no 
relationship to giant-cell tumors. 
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Fic. 4-A Fic. 4-B Fic. 4-C Fic. 4-D 

Fig. 4-A through 4-D: Giant-cell tumor of the lower part of the femur in a woman, twenty- 
nine years old. Wide excision of the tumor was carried out in 1910 after a biopsy showed 
fibrosarcomatous change. 

Fig. 4-A: Surgical portion of the lower part of the femur and upper part of the tibia. (The 
patient was alive and well in April 1958.) 

Fig. 4-B: Shortening of the right lower extremity is shown. 

Fig. 4-C: The anteroposterior roentgenogram shows solid fusion. 

Fig. 4-D: Lateral roentgenogram, forty-eight years after excision of the tumor. 


COMMENT 


The longer we follow our cases of giant-cell tumor the higher the rates of re- 
currence and malignant transformation become. Obviously, conclusions regard- 
ing the efficiency of therapeutic methods based on series with short follow-up peri- 
ods are invalid. Jaffe ® described a case in which sarcoma developed at the site of 
a giant-cell tumor twenty-three years after therapy that included irradiation. The 
present series included one in which the latent interval was fourteen years. It is 
evident that follow-up of those patients who have received radiation therapy 
should never cease, and that suecess rates for those treated with curettage should 
not be computed on follow-up data of less than ten years. Furthermore, the more 
assiduously one excludes variants of giant-cell tumor, the more dismal will be the 
long-term results. 

From a review of the present series it is evident that curettage is not the ideal 

reatment for giant-cell tumor. In 29.6 per cent of patients treated by this method 

recurrences developed within the first year after therapy. At the end of five years 
the percentage with recurrences had climbed to 54.1 per cent. In addition to this 
high rate of recurrence, approximately 10 per cent of giant-cell tumors become 
frankly malignant and a very occasional one produces metastasis even though his- 
tologically benign. 

Radiation therapy alone was not successful in controlling any of the giant-cell 
tumors in our group. There was also no evidence that it diminished the chance of 
recurrence when used as an ancillary measure with curettage, since the recurrence 
rate of tumors treated by curettage alone and by curettage combined with radiation 
was the same. Our experience, as does that of others '*!°, indicates that radiation 
therapy may be influential in the genesis of sarcoma secondary to giant-cell tumor. 
We believe that it should be employed only for those giant-cell tumors so situated 
that adequate surgical treatment is impossible. 

Although they were only a small part of this total series, those tumors for 
which complete excision along with removal of all surrounding shells of bone and 
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fibrous tissue was attempted are an important group from the standpoint of suc- 
cessful treatment (Figs. 3-A to 4-D). If the giant-cell tumors situated in the sac- 
rum, spinal column, ilium, lower part of the tibia, and the skull are excluded, 79 
per cent of those in the series—that is, 92 tumors—could have been excised. To be 
sure, this implies an aggressive attitude in respect to surgery and a willingness 
to replace the removed bone with a bone graft or a prosthesis, as has been advo- 
cated by Kraft and Levinthal for the lower part of the femur. Johnson and Lyford 
emphasized that this may not be necessary in some instances of excision. Certainly, 
early excision, when the lesion is small, involves less loss of bone and easier re- 
placement, whether by graft or prosthesis, than excision used as a secondary form 
of treatment. Other authors *!* have shown, and our observations confirm, that 
excision is the one successful treatment for these tumors. 
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DISCUSSION 

Dr. Poitier D. Witson, New York, N. Y.: Dr. Johnson and Dr. Dahlin have reported a 
large series of cases which they seem to have followed long enough for their conclusions to 
be valid. 

Our own series includes thirty-nine additional cases. Unfortunately, from the standpoint 
of an interesting discussion, I am in such complete agreement with their conclusions that there 
is little room for debate. Under the circumstances, the best I can do is to emphasize some of 
the points that they have made. 

Because the pathological diagnosis of the nature of the lesion is all important from 
the standpoint of the treatment and because the pathologist has a hard enough time in 
determining this with a whole block of tissue in front of him, I think we should always try 
to supply him with plenty of tissue from biopsy when possible and not ask him to make a 
diagnosis from tissue removed through a needle. 

Furthermore, I do not believe that the clinician should look for too much help from the 
pathologist in differentiating between aggressive and non-aggressive types of benign giant- 
cell tumors. The clinician must still accept the responsibility of determining the plan of treat- 
ment. He must proceed knowing that from 10 to 15 per cent of these tumors are either malig- 
nant, metastasizing tumors at the outset or will become so during the course of treatment. 

Whether or not radiation therapy causes malignant transformation remains a matter for 
(Continued on page 947) 
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From the Section of Neurosurgery, Department of Surgery, University of Michigan 
Medical School and Hospital, Ann Arbor, and the Section of Neurosurgery, Depart- 
ment of Surgery, the Henry Ford Hospital, Detroit 


There are two types of injuries to the cervical spinal cord in the region of the 
central canal that may be classified as acute or chronic. Although this paper de- 
scribes the signs and symptoms comprising the syndrome of chronic injury to the 
cervieal spinal cord in the region of the central canal, the pattern of the acute 
phase must be reviewed to understand the mechanisms and manifestations of the 
chronic one. 


SYNDROME INJURY 


THE OF ACUTE 


For many years there was confusion about the mechanism of injuries of the 
cervical spinal cord that occurred despite lack of roentgenographie evidence of a 
fracture or dislocation of the spine. Holmes believed that since the spinal cord 
was bathed in cerebrospinal fluid it could oscillate with trauma to the vertebral 
column. Since oscillation of the spinal cord would become asynchronous with that 
of the osseous spine, the cord would eventually impinge on the spine with resultant 
contusion of the cord. On the other hand, Cramer and MeGowan thought that in 
acute injuries the nucleus pulposus suddenly protruded, struck the spinal cord, and 
then recoiled into its interspace, and thus no telltale abnormality was seen in the 
roentgenogram of the cervical spine. It remained for Taylor and Blackwood and 
Taylor to shed light on this problem. In 1951 Taylor performed cervical myelog- 
raphy on middle-aged cadavera and found no indentation of the pantopaque column 
when the cervical spine was in the neutral and flexed positions. However, when the 
cervical spine was hyperextended there was a defect noted posteriorly in the column 
of the contrast medium at several of the mid-cervieal interspaces. This disappeared 
when the cervical spine was again placed in the neutral position; Taylor attributed 
the abnormality to the inward wrinkling of the ligamentum flavum. When a sixty- 
two-year-old cadaver with hypertrophic arthritic spurring of the cervical spine was 
examined and the same myelographie studies were made with the cervieal spine in 
hyperextension, there was simultaneous encroachment on the column of the con- 
trast medium anteriorly by the hypertrophic vertebral-body spur and posteriorly 
by the ligamentum flavum. Taylor believed that the pinching of the cord between 
these two structures might be the mechanism responsible for neurological disability 
without any visible anatomical distortion of the cervical spine. Several months 
after the publication of Taylor's work, a patient was admitted to the hospital for 
treatment. The history is as follows: 


Case 1 *: H. R., a man, sixty-five years old, with hypertrophic arthritic spurring of the 
cervical spine, was admitted to University Hospital after having tripped on a rug and fallen 
directly forward on his face. When he regained consciousness he discovered that he was 
numb and paralyzed in all four extremities. Most of his numbness vanished after a period 


*Case 1 was reported in more detail by Schneider, R. C.; Cherry, Glenn; and Pantek, 
Henry: J. Neurosurg., 11: 546-577, 1954. 
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of four days, and he regained some motor power in both lower extremities but much less 
movement in both upper extremities. He had been unable to void and had to be catheterized. 
On examination, the motion and position senses were intact, and vibratory sensation was 
spottily preserved, being absent over the lower but present over the upper extremities. 
There was a level of hypalgesia and hypaesthesia to the seventh cervical dermatome bilat- 
erally and a thermanaesthesia level to the first thoracic dermatome bilaterally. Paresis was pres- 
ent in both lower extremities but was much more marked in all the movements of the upper 
extremities. There were extensor plantar reflexes. 

Roentgenograms of the cervical spine revealed no evidence of fracture-dislocation but 
merely demonstrated marked hypertrophic spurs projecting posteriorly into the spinal canal 
at the fourth to fifth cervical interspace. 

Cervical laminectomy was performed, with the removal of the laminae of the fourth, 
fifth, and sixth cervical vertebrae. The denticulate ligaments were sectioned after the dura 
was opened, and moderate arachnoiditis found at the level of the fourth cervical vertebra. 
Hypertrophic arthritic spurs were demonstrated at all of the exposed interspaces. Above 
the most prominent spur at the fourth to fifth cervical interspace there was a noticeable 
constriction of the spinal cord. Postoperatively, the patient had complete tetraplegia and 
subsequently died in a nursing home 
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Fic. 1 

A cross section of the fifth cervical segment of the spinal cord, illustrating the major sensory 
and motor tracts and the segmentation within them. The black zone of destruction is sur- 
rounded by a gray one of oedema. As the swelling subsides there will be symptomatic improve- 
ment so that permanent damage will occur in the motor function of the hands and fingers 
because these tracts lie within the black zone. (This is a modification of the figure from “The 
Svndrome of Acute Central Cervical Spinal Cord Injury. With Special Reference to the 
Mechanisms Involved in Hyperextension Injuries of the Cervical Spine.” By R. C. Schneider; 
Glenn Cherry; and Henry Pantek. J. Neurosurg., 11: 546-577, Springfield, Illinois, Charles C. 
Thomas, 1954.) 


(‘omment 

There can be no doubt that further injury to the cord resulted from the 
operation. It was postulated that in the original injury the cervieal spinal cord 
Was squeezed—the process deseribed by Taylor being the cause. The resulting 
compression caused by the wrinkled ligamentum flavum posteriorly and the hyper- 
trophie spur anteriorly was thought to have been concentrated at the center of the 
cord *!. This process would be expected to produce the most severe damage central- 
ly in the region of the central canal with damage of decreasing severity to the more 
peripheral parts of the cord. The medial portions of the lateral corticospinal tracts 
containing the fibers distributed to the neck, arms, and fingers would, therefore, 
be more severely damaged than the more peripheral fibers in this tract that are 
distributed to the bladder, the trunk, and the lower extremities (Fig. 1). 

In the event that the cervical spinal cord was not permanently damaged— 
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there being merely oedema—the patient would be expected to recover spontane- 
ously, with the return of function in the lower extremities first, followed by the 
return of function in the bladder, arm, and fingers in that order; this we have 
designated as a syndrome of acute injury to the cervieal spinal cord in the region 
of the central eanal. 

The patient reported here had shown 
some recovery of function in the lower 
extremities. At operation it is presumed 
that the cord, already damaged in its 
central portion by the original injury and 
possibly made more vulnerable by de- 
layed softening, was further compro- 
mised by pressure on its lateral aspects 
in the region of the lateral corticospinal 
tracts at the time when the denticulate 
ligaments were being sectioned. In any 
event, the motor fibers to the lower ex- 
tremities, which were functional prior to 
surgery, were irreparably damaged. Be- 
cause these fibers are situated closest to 
the lateral aspect of the cord they would 
be particularly vulnerable. 

The prognosis for patients with this 
syndrome is relatively good. The degree 
of recovery, of course, is directly propor- 
tional to the amount of damage centrally 
where the compression of the cord is con- 
centrated. Recovery may range from 
complete or partial return of function to 
total paralysis with aseending hema- 
tomyelia and death. 

At the time of the first publication 2°, 
nine cases of the syndrome of acute in- 
jury of the cervical spinal cord in the re- 
gion of the central canal were reported Fic. 2-A 
without post-mortem evidence to confirm Case 2. Macroscopically, the cervical spi- 
the elinieal thesis presented. In 1958 a — nal cord seemed uninjured. The three trans- 
second paper *4 was published which de- Verse incisions indicate the sites at which 
specimens were procured for microscopic 
study. (Reprinted by permission from “The 


scribed another twelve cases of the syn- 
drome, and this contained the pathologi- | Syndrome of Acute Central Cervical Spinal 


cal evidence confir ‘ al as- Cord Injury.” By R. C. Sehne ider; J. M. 
irming the initial as Thompson; and J. Bebin. J. Neurol. Neuro- 


sumption that had been made. A brief — gurg. and Psychiat., 21: 216-227, 1958.) 
résumé of this key case follows: 


Case 2*. On October 11, 1955, J.H., a man, seventy-two years old, sustained an acute 
injury to the central cervical spinal cord. He had begun to recover in the characteristic man- 
ner just described when he suddenly died on November 9, 1955. At post-mortem exam- 
ination the central-cord damage, which had been postulated originally as being the site 
responsible for the syndrome, was visualized in the pathological specimen (Figs. 2-A, 2-B, and 
2-C). 

It should be pointed out that the acute injury to the cervical spinal cord in the region of 
the central canal may occur in hyperextension injuries in persons with hypertrophic cervical 
spines, in some cervical fracture-dislocations, and in certain types of cervical vertebral-body 
compression fractures. In those instances in which the syndrome is due to hyperextension of 
a cervical spine with hypertrophic arthritis it should be noted that squeezing of the cervical 
spinal cord may occur at more than one neural segment (Fig. 3). 


* Case 2 was presented in detail by Schneider, R. C.; Thompson, J. M.; and Bebin, J.: 
J. Neurol. Neurosurg. and Psychiat., 21: 216-227, 1958. 
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Fig. 2-B 
This cross section of the upper portion of the fifth cervical segment of the spinal cord 
demonstrates an almost complete destruction of the central canal of the cord. The outer or 
lumbar fibers of the lateral corticospinal tract are preserved, thus permitting movement of the 
lower extremities. (Reprinted by permission from “The Syndrome of Acute Central Cervical 
Spinal Cord Injury.” By R. C. Schneider; J. M. Thompson; and J. Bebin. J. Neurol. Neuro- 


surg. and Psychiat., 21: 216-227, 1958.) 


This cross section of the lower portion of the fifth cervical segment of the spinal cord shows 
merely destruction of the central canal. (Reprinted by permission from “The Syndrome of 
Acute Central Cervical Spinal Cord Injury.” By R. C. Schneider; J. M. Thompson; and J. 
Bebin. J. Neurol. Neurosurg. and Psychiat., 21: 216-227, 1958.) 
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Case 3 7. G.S., a man forty-nine years old who had had rheumatoid spondylitis involv- 
ing the cervical spine for ten years, retired at 1:00 a.m. on October 17, 1951, after drinking a 
large quantity of beer. A few hours later he got up and fell, head first, down a full flight of 
stairs, landing on his head. After regaining consciousness a few minutes later he could move 
only his upper extremities, and shortly thereafter he became tetraplegic. 

On admission to University Hospital he was well oriented and cooperative. The spine 
was rigid, and the neck was locked in hyperextension. When the patient was supine his 
head remained several inches above the examining table. There was marked tenderness over 
the fourth cervical spinous process. All four extremities were paralyzed, and there was loss 
of all modalities of sensation up to the fourth cervical dermatome on the right and the 


Forward- bulging 
ligementa //ava 


) 


Fic. 3 

Diagram illustrating the impingement of the ligamentum flavum on the 
posterior aspect of the spinal cord. Anteriorly, counterpressure is exerted 
by the hypertrophic spurs on the vertebral bodies. (Reprinted by permission 
from “The Syndrome of Acute Central Cervical Spinal Cord Injury. With 
Special Reference to the Mechanisms Involved in Hyperextension Injuries 
of Cervical Spine.” By R. C. Schneider; Glenn Cherry; and Henry Pantek. 
J. Neurosurg., 11: 546-577, Springfield, Illinois, Charles C. Thomas, 1954.) 


fifth cervical dermatome on the left. The right triceps and radioperiosteal reflexes were in- 
tact. All other reflexes were absent, and there were no pathological reflexes. 

Roentgenograms showed changes characteristic of rheumatoid spondylitis, with a com- 
minuted fracture of the lamina and pedicles of the fourth cervical vertebra and an anterior 
dislocation of the fourth on the fifth cervical vertebra (Fig. 4-A). 

Crutchfield skeletal tong traction was applied after placing the patient on a Stryker 
frame. The intercostal muscles were paralyzed at the time of admission. Diaphragmatic 
respirations gradually became more labored, and the patient died at 4:00 a.m. on Octo- 
ber 20, 1951. 

At autopsy the fracture of the fourth cervical vertebra was visualized. The posterior 
longitudinal ligament was ruptured and fragmented at the fourth to fifth cervical inter- 
space, and the ligamentum flavum was completely torn. The ligamentous structures were 
not ossified, and the flaval ligaments were of a rubbery consistency; with hyperextension of 
the neck they might well have bulged into the spinal canal. At the site of the fracture-disle- 
cation the cervical cord was crushed. In addition, for a distance of several segments above 


+ Case 3 was presented in detail by Schneider, R. C.; Cherry, Glenn; and Pantek, Henry: 
J. Neurosurg., 11: 546-577, 1954. 
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and below the site of injury there was central destruction of the cord (Figs. 4-B and 4-C). 


Comment 

The roentgenograms demonstrated clearly that the injury had oecurred in 
hyperextension, resulting in marked narrowing of the spinal canal at the fourth to 
fifth cervical interspace. 

The fracture-dislocation presumably caused both anterior and posterior im- 
pingement on the cord by the posterior superior margin of the body of the fifth 
cervieal vertebra anteriorly and the laminae and the adjacent flaval ligaments 
of the third and fourth cervical vertebrae posteriorly. There was complete pulping 
of the spinal cord with central-canal extension of damage, both cephalad and cau- 
dad, over a distance of seven or eight cord segments. With cephalad extension, the 
residual, functioning diaphragmatic neural segments were compressed, and death 
occurred from respiratory failure. 


Case 3. Lateral roentgenogram, showing a severely comminuted 
hyperextension injury of the cervical spine with fracture-disloca- 
tion of the fourth cervical vertebral body anteriorly on the fifth 
cervical vertebral body (retouched). (Reprinted by permission 
from “The Syndrome of Acute Central Cervical Spinal Cord In- 
jury. With Special Reference to the Mechanism Involved in Hyper- 
extension Injuries of Cervical Spine.” By R. C. Schneider; Glenn 
Cherry; and Henry Pantek. J. Neurosurg., 11: 546-577, Springfield, 
Iilinois, Charles C. Thomas, 1954.) 


This case represents an extreme example of central-cord damage, and demon- 
strates that the lesion in the cord is not necessarily a single continuous one that 
tapers off in both a eaudad and cephalad direction. In this patient’s cervical cord 
the second largest central-cord lesion was approximately six neural segments from 
the site of greatest damage. There was considerable evidence to suggest that this 
most distal lesion was a zone of infarction that was caused by a gradient of vascular 
insufficieney in the anterior spinal artery, with subsequent hypoxia in this segment 
of the spinal cord. A discussion of this problem is too complex to be described here 
but may be found in detail in another article 7°. 

Thus, in some instances, where the injury to the cervical spinal cord is not so 
severe there may be several isolated central-canal lesions—some due to the local 
trauma and others due to vascular insufficiency at a level remote from the site of 
injury. These areas of necrosis may degenerate into cystic lesions and unite to 
form a single cystic cavity under the influence of the continuous pulsations in the 
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Fig. 4-B: Autopsy specimen, exhibiting the markedly constricted 
spinal cord at the fourth to fifth cervical interspace. (Reprinted with 
permission trom “The Svndrome of Acute Central Cervical Spinal Cord 
Injury. With Special Reference to the Mechanisms Involved in Hyper- 
extension Injuries of Cervical Spine.” By R. C. Schneider; Glenn 
Cherry; and Henry Pantek. J. Neurosurg., 11: 546-577, Springfield, 
Illinois, Charles C. Thomas, 1954.) 

Fig. 4-C: Multiple transverse sections of the spinal cord, with the 
uppermost one at the top of the specimen and the lowermost fully 
six neural segments below the site of constriction. Destruction of the 
central canal may be seen throughout the entire specimen. (Reprinted 
with permission from “The Svndrome of Acute Central Cervical Spinal 
Cord Injury. With Special Reference to the Mechanisms Involved in 
Hyperextension Injuries of Cervical Spine.” By R. C. Schneider; Glenn 
Cherry; and Henry Pantek. J. Neurosurg., 11: 546-577, Springfield, 
Illinois, Charles C. Thomas, 1954.) 


cerebrospinal fluid. Parkin, in 1891, reported the post-mortem examination of a 
patient who had been diagnosed ¢clinieally as having post-traumatic hematomyelia, 
Surprisingly enough, there was not the true svringomyelie cavity that one would 
anticipate, but merely several areas of necrosis. It was the irregularity in size and 
the lack of continuity of these acute central-canal lesions that led Frazier, in 1918, 
to conclude that “hematomyelia uncomplicated and dissociated from any other 
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Fic. 5-A Fic. 5-B 
Fig. 5-A: Case 4. The zones of pain and temperature loss are shown. 
Fig. 5-B: Lateral roentgenogram showing marked vertebral-body spurring at the fourth to 
fifth cervical interspace with less deformity at the fifth to sixth cervical interspace. 


effect of the injury is not an operable lesion”. He did not indicate how such a diag- 
nosis could be made with certainty, but believed that if it could be established 
myelotomy was not indicated since it did more harm than good. Cohn suggested 
that it was easy to understand how such a hemorrhagic or necrotic lesion, which 
Was spread over a few segments, might eventually coalesce and form a cystic or 
syringomyelic cavity. Cohn reviewed the literature on the problem of the late ap- 
pearance of the symptoms of hematomyelia because of interest in a patient who 
had fallen from a hay wagon and in whom symptoms of hematomyelia developed 
eight days later. Cohn discovered that Bramwell, Cassirer, Claude and L’hermitte, 
Foerster, Heimann-Hatry, Hoch, Kocher, Parkin, Schott, Souques and Henry, 
Watts, Winkelbauer, Winkler and Jochmann, and Zwirner had reported cases in 
which there was an interval of a few hours to six months from the time of injury to 
the onset of the first symptoms of hematomyelia. 


THE SYNDROME OF CHRONIC INJURY 

There are some patients who have a history of either acute or chronic recur- 
rent trauma in whom progressive weakness develops in the fingers, hands, and arms 
that is disproportionately greater than the impairment of strength in the lower 
extremities. The sensory changes vary greatly, but usually take the form of hypal- 
gesia and thermanaesthesia involving the lower cervical and upper thoracic der- 
matomes. This is the syndrome of chronic injury to the spinal cord in the region 
of the central canal that has been commonly designated erroneously as syringo- 
myelia. 

The following cases illustrate the problems involved. 

Case 4: H.S., a right-handed man, forty-two years old, was first examined at University 
Hospital on May 18, 1956. He had a history of a two and a half vears’ loss of temperature 
sensation and tingling in the outer two fingers of the left hand and the outer side of the 
left forearm. Within the preceding few months similar right-sided symptoms developed. 
He also observed that when he cut his neck when shaving there was no pain. Occasionally, 
there was some dull pain in his neck, and when he coughed or sneezed it accentuated the 
tingling sensation in his fingers. A slight weakness in the grip developed. Because the roent- 
genograms showed cervical hypertrophic arthritis and a narrowed intervertebral space he 
was treated with halter traction, but there was no relief of symptoms. 

The patient voluntarily said that five vears before (two and one-half years prior to the 
onset of symptoms) he had been involved in an automobile accident, at which time his 
car was struck from behind. He sustained a so-called whiplash injury when the head and 
neck snapped backward sharply into hyperextension, and there was stiffness of the neck for 
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Fic. 5-C Fig. 5-D 


Fig. 5-C: Oblique roentgenogram demonstrating encroachment of the spur at the fourth to 
fifth cervical interspace upon the intervertebral foramen. 

Fig. 5-D. Anteroposterior view of a myelogram showing mid-line filling defect and almost 
complete block at the fourth to fifth cervical interspace. The head had been tilted upward, 
and the pantopaque barely passed through the subarachnoid space bilaterally. 


about one week. There had been no litigation involved as a result of the accident, and 
none was contemplated. 

On examination there was local tenderness on percussion at the fourth to fifth cervical 
spinous processes, without any radiating pain. The following positive neurological findings 
were elicited: The grip of the hand and the extension of the forearm were poor bilaterally. 
There was atrophy of the left forearm and left hypothenar eminence. The biceps and 
triceps reflexes were absent bilaterally. He had a definite level of hypalgesia and hypaesthe- 
sia from the third cervical to the seventh thoracic dermatome on the left and the fifth cervi- 
cal to the first thoracic and the fifth to seventh thoracic dermatomes on the right side (Fig. 
5-A). 

Lateral cervical-spine roentgenograms revealed a marked hypertrophic spurring of the 
vertebral bodies at the fourth to fifth cervical interspace (Fig. 5-B). This was more graphi- 
cally shown on the oblique view (Fig. 5-C). On two lumbar punctures the cerebrospinal- 
fluid pressures, jJugular-vein-compression tests, and white-cell counts were within limits. The 
total protein values were seventy milligrams and seventy-one milligrams per 100 cubic 
centimeters, respectively. The diagnosis of cervical syringomyelia or cervical intramedullary 
tumor was made. Because the patient had had two attacks of coronary occlusion and was 
still functioning well from a neurological standpoint, it was elected to continue conservative 
therapy until further progression of signs or symptoms developed. 

The patient became nervous and impatient, stating that he had had increased neck and 
radicular pain. He sought further consultation from other neurologists or neurosurgeons, and, 
finally, on October 6, 1956, Dr. Leo Davidoff, of New York City, ordered a cervical myelo- 
gram. The diffuse widening of the pantopaque column was seen at all three of the lower 
cervical interspaces (Fig. 5-D). Four days later, a cervical laminectomy was performed by 
Dr. Davidoff at the fourth and fifth cervical levels. On opening the dura, the cord was found 
to be enlarged, and on incision of it a cystic cavity was demonstrated and drained of a clear 
fluid. There was no evidence of a neoplasm. A plastic tube was run from this cavity into 
the subarachnoid space. The denticulate ligaments were sectioned bilaterally, and no attempt 
was made to remove the hypertrophic spurs on the vertebral bodies. Postoperatively, the patient 
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had only minimal transient weakness in the left upper extremity and ataxia on finger-to- 
nose testing. The radicular pain on the right was relieved, and the patient was discharged 
from the hospital on November 7, 1956. 


Comment 

In this case the acute injury to the cervical cord in the region of the central 
canal was presumably caused by hyperextension of the neck in a patient with 
hypertrophic cervical arthritis, resulting in a sudden, severe squeeze of the cervical 
spinal cord without fracture or dislocation of the spine. The patient described it as 
a whiplash injury. 

Gay and Abbott first described this lesion, noting that it most often occurred 
when a halted vehicle was struck from behind, causing the occupant’s head to be 
snapped forcibly backward into sudden hyperextension. In some instances there 
was a tearing of the ligaments and muscles of the neck, with associated hemorrhage 
and oedema. In many cases the symptoms of dizziness, stiffness of the neck, in- 
creased perspiration, and hyperemotionality did not appear until some days or 
weeks later. There were relatively few residual neurological signs. Gotten, in re- 
viewing 100 cases of this type of injury, stated that 88 per cent showed recovery 
after legal claims for damage were completed and over one-half of these patients 
had no residual complaints. In Gotten’s series the patients sixty years of age or 
more showed a much slower recovery than those in the lower age group, and these 
older patients believed that they had mild arthritic symptoms possibly related to 
the injury. Twelve per cen. of Gotten’s patients still had sufficient symptoms to be 
receiving further treatment in spite of settlement of all legal claims. There is a 
possibility that in these patients the symptoms of the syndrome of chronic injury 
to the cervical spinal cord in the region of the central canal could have developed 
at a later date. Certainly, this is suggested by the facet that patients who had the 
slower recovery rate were persons who had arthritic cervical spines or were over 
sixty years of age. A review of the neurological examinations of this group of Got- 
ten’s patients might provide interesting data. Thus, we are very reluctant to use 
the word whiplash because of the medicolegal implications, and therefore refer to 
these cases as acute hyperextension injuries. 

In a recent publication, Brain and Wilkinson reported that roentgenograms of 
the cervical spine had been made in fifty-two patients with syringomyelia, and in 
twenty-four patients significant abnormalities of the spine were found. They con- 
cluded that the cervical arthropathy which they found in association with syringo- 
myelia was similar to that found in cervical spondylosis, but that the process of 
degeneration in these patients was intensified by the syringomyelia. These authors 
also suggested that some of these patients’ symptoms might be due to the cervical 
arthropathy since the neurological symptoms of syringomyelia might be accentu- 
ated by cord compression resulting from osteo-arthritic changes in the spine. In one 
of their six reported cases trauma seemed to have played a part. The location of a 
head laceration and a concussion suggested the possibility of a hyperextension 
injury with cord damage in the region of the central canal, but no note was made of 
any specific correlation between the syringomyelia and the type of trauma. 

After a review of Colhn’s cases the conclusion could be drawn that our patient 
(Case 4) had a hyperextension injury that resulted in minor areas of degeneration 
over one or more segments, which was shown on the myelogram. These segments 
later coalesced and caused a syndrome similar to chronie syringomyelia. A thor- 
ough five-year neurological follow-up of a series of patients similar to those ob- 
served by Gotten might yield some interesting data. Certainly, if the relationship 
between such an acute injury and this chronic disability exists, it is an extremely 
rare finding in a group of acute hyperextension injuries. 
Case 5. BS., a woman, twenty-nine years of age, was admitted to University Hospital 


in June 1953 because of paralysis of the fingers, hands, and arms. She was able to walk with- 
out support, although she had some weakness in the legs and feet. 
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Fic. 6-A lic. 6B 
Vig. 6-A: Case 5. Lateral roentgenogram showing radically increased lordosis of the cervical 
spine with projection of the lower part of the fourth cervical body into the spinal canal. _ 
Fig. 6-B: Myelogram showing an almost complete block at the level of the sixth cervical 
vertebra. 


The patient’s history was a most unusual and tragic one. In 1941, when she was swinging 
high in the air, she struck the back of her head on the bough of a tree and was hurled from 
the swing. She did not recall how she struck the ground, and she was unconscious for a short 
time. For a period of one week there were severe headache and pain in the neck and one arm, 
but no other acute sequelae. In 1948 she began toe note a gradual, progressive impairment 
of strength in her hands, fingers, and arms. On several occasions she burned her fingers, and, 
after the development of the weakness of the upper extremities, there was some spasticity 
of the neck muscles. By 1949 she began to have impairment of strength in the legs and feet. 
At her local hospital, lumbar puncture demonstrated no evidence of blockage of the cerebro- 
spinal fluid on the jugular-vein-compression test except when the head and neck were 
acutely manipulated. The cerebrospinal-fluid findings were negative, and a tentative diagnosis 
of multiple sclerosis was made. In 1951, after a severe attack of mumps, spasticity of the 
shoulder-girdle muscles was increased. At this time she began two years of chiropractic treat- 
ments. Twice a week during this period she was subjected to a direct, severe blow to the 
mid-cervical area with a doubled-up or clenched fist. After January 1952, the patient) was 
unable to work or care for herself owing to the rapidity of progression of the symptoms. 

At the time of admission to University Hospital in June 1953, there were signs of 
cranial-nerve abnormalities. There was atrophy of all the muscle groups of the upper ex- 
tremities but no evidence of fasciculations. There were adduction spasms of both forearms 
and flexion contractures of the wrists, hands, and fingers. This disability was particularly 
severe on the right side. The abdominal, back, and lower-extremity muscles were paretic bi- 
laterally. The upper extremities were flaccid but the lower ones were spastic, with bilateral 
patellar and ankle clonus and bilateral extensor plantar reflexes. Sensory examination showed 
extreme variations on multiple evaluations. Loss of pain and temperature sensations were 
demonstrated on the left side over the third cervical to fourth thoracic segments. There was 
absence of light touch only in the lower extremities, and vibration sense was impaired from 
the level of the fourth cervical dermatome downward. The status of position sense in the 
lower extremities was equivocal. 

A roentgenogram of the cervical spine showed such a marked lordotic spinal curvature 
that the first and seventh cervical spinous processes were almost at the extremes of a semi- 
circle (Fig. 6-A). A lumbar puncture revealed a normal cerebrospinal-fluid pressure with- 
out evidence of subarachnoid-space block on the jugular-vein-compression test. The total 
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protein was fifty milligrams per 100 cubic centimeters, and the white-cell count was within 
normal limits. A cervical myelogram suggested a space-occupying lesion superior to the sixth 
cervical vertebral level with blockage of the pantopaque at that point (Fig. 6-B). 

On June 30 laminectomy was performed from the second through the seventh cervical 
vertebra. 

There was pronounced hyperextension of the spine, with marked angulation of the spinal 
canal at the fourth cervical level, and associated compression of the spinal cord at this 
site. Although the dura pulsated above the constri¢tion, no pulsations were visible below 
this point. The dura was opened in the mid-line, initially preserving the arachnoid. An ob- 
vious complete block at the fourth cervical level with swelling of the cord distally for a dis- 
tance of two segments was revealed. This swelling was responsible for the presence of the 
apparent space-occupying lesion superior to the sixth cervical vertebral level that had been 
seen on the myelogram. 

The arachnoid was opened laterally, and five pairs of denticulate ligaments were sectioned. 
When released by this maneuver, the cord seemed to have a normal consistency although its 
surface had a slightly bluish tinge suggesting contusion or constriction of the fourth cervical 
segment. The cord was not rotated for fear of causing further respiratory embarrassment. 
There was no visible evidence of any tumor, and because there was constriction rather than 
swelling of the cord, myelotomy did not seem indicated or justified. The dura was left open, 
and the remainder of the wound was closed in layers. 

Because of increasing respiratory difficulty, a tracheotomy was performed on July 2, 
1953. Three weeks after operation the tonus had diminished in the muscles of the upper 
and lower extremities. It was now possible to put both upper and lower extremities through 
a full range of passive motion, and the patient was able to flex slightly the fingers of the 
right hand. The preoperatively elicited adduction spasm of the upper extremities had disap- 
peared. Four weeks after operation Crutchfield tongs were inserted, and gradually increas- 
ing increments of weight added in the hope that the cervical spine might be straightened to 
some degree. However, since this was not achieved after several weeks, traction was discon- 
tinued. The patient was discharged with moderate clinical improvement in the upper extrem- 
ities. The patient was not available for follow-up examination. 


Comment 

This patient had a single episode of trauma to the cervical spine followed later 
by multiple, severe traumatic onslaughts which resulted in marked muscle spasm 
and subluxation in hyperextension at the fourth cervical vertebral level. In this 
patient the displaced vertebral body, rather than a hypertrophic arthritic spur, 
was responsible for the anterior compression of the cervical spinal cord. The pos- 
terior compression of the cervical spinal cord could have been due te the wrinkled 
ligamentum flavum. Despite a clinical picture suggesting the pattern of syringomy- 
elia this patient did not have the usually widened cystic cord for which myelotomy 
would be performed. Instead, the picture at the operating table was that of severe 


cord compression. 


Case 6. J.B., a retired office worker and farmer, forty-nine years of age, was admitted to 
the Henry Ford Hospital on May 11, 1958, for investigation of pain in both arms and progres- 
sive weakness of the left arm and both lower extremities. The symptoms were of eighteen 
months’ duration. 

In 1930, at the age of twenty-one years, he sustained a neck injury in a diving accident 
and was tetraplegic for a period of two or three weeks, with gradual but almost complete re- 
covery except for minor weakness of the left arm and hand. In the interval between recov- 
ery and the onset of his complaints he led an active life as a farmer and also excelled at skiing 
and ice-skating. 

He first noted difficulty with the lower extremities while skiing; he fell more frequently 
than formerly and it was more diflicult for him to get back on his feet after a fall. He noticed 
a progressive loss of strength in both shoulders, with even a more marked impairment of 
power in the left hand. 

Examination revealed a healthy-appearing man with good muscle development except 
for obvious atrophy of both shoulder girdles, most marked in the deltoid and supraspinatus 
muscles and to a lesser degree in the left triceps and interossei muscles. Fasciculations were 
noted in both deltoid regions but none in the tongue. There was moderate weakness of both 
deltoids and less of the left triceps and small muscles of the hand. The biceps reflexes were 
absent, and the triceps reflexes were intact, except that the left one was less active than 
the right. The reflexes in both lower extremities were hyperactive but there was no clonus. 
No pathological reflexes were elicited. There was loss of strength in the lower extremities and 
an impairment of pinprick and light touch over the trunk, extending from the lower portion 
of the neck to the mid-thorax ; this was more pronounced on the left than on the right side. He 
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had some alteration of disturbance to heat and cold but not a clear-cut loss of these sensa- 
tions. Vibration and position senses in the lower extremities were intact. He had no gross 
impairment of sensation of a peripheral type but stated that objects did not feel normal to 
him in the left hand. 

Roentgenograms of the cervical spine revealed evidence of a severe, old injury. This 
consisted of marked anterior wedging of the third and fourth cervical vertebrae with marked 
reversal of the cervical curve centering at the fourth cervical vertebra amounting to a rather 
sharp angulation. The fifth cervical vertebra was displaced posteriorly on the sixth, and the 
third, fourth, fifth, and sixth vertebrae showed marked degenerative changes with prolifera- 
tion and encroachment on the fifth cervical intervertebral foramina (Fig. 7). 

A myelogram revealed a partial block at the fourth cervical vertebral level, with only a 
small amount of oil trickling by on either side. 

The clinical impression was that this 
patient had evidence of involvement of the 
anterior horn cell or nerve root at the level 
of the fifth and sixth cervieal vertebrae and 
intramedullary changes extending from ap- 
proximately the fourth cervical vertebra 
through the upper thoracic region, most 
likely due to spinal-cord compression or 
compromised circulation at the site of this 
previous injury; the former was more likely, 
as there was evidence of damage to the cen- 
tral canal. 


Fig. 7: Case 7. Lateral roentgenogram of 
the cervical spine, revealing the evidence of 
a severe old injury. There is marked an- 
terior wedging of the third and fourth cer- 
vical vertebrae with marked reversal of the 
cervical curve centering at the fourth cer- 
vical vertebra with sharp angulation. The 
fifth cervical vertebral body was displaced 
posteriorly on the sixth one. The third, 
fourth, fifth, and sixth cervical vertebrae 
show marked degenerative change with pro- 
liferation and encroachment on the fifth cer- 
vical intervertebral foramina. 


Comment 

The symptoms and signs of 
chronic injury to the cervical spinal 
cord in the region of the central canal 
that were observed in this case were 
probably on the basis of chronie flex- 
ion fracture-dislocation of the cervical 
spine. It will be interesting to observe 
whether the signs and symptoms will 
be corrected merely by laminectomy 
alone. This should release the poste- 
rior-cord-compression factor respon- Fic. 7 
sible for squeezing the spinal cord 
against the angulated vertebral bodies. It is amazing that this patient was able to 
get along so satisfactorily for a period of about twenty-six years before these dis- 
abling symptoms developed. In this case, the proper treatment of the cervical 
fracture-dislocation by an adequate cervical-spine fusion might very well have 
prevented the chronic neurological disability. 


DISCUSSION 
The patients reported in Cases 4, 5, and 6 all demonstrated a syndrome of 
chronic injury to the cervieal spinal cord in the region of the central canal (the 
chronic phase of acute injury to the cervieal spinal cord in the region of the central 
canal). It is characterized by greater weakness in the fingers, hands, and arms than 
in the lower extremities. The sensory changes in such patients are extremely vari- 
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able. It is a counterpart of the syndrome of acute injury to the cervical spinal cord 
in the region of the central canal, but, in contrast, the patients who sustain the 
chronic lesion do not have a progressive improvement in pattern. For example, in 
the acute phase of injury, surgical intervention is contra-indicated, for recovery 
occurs spontaneously. However, in the syndrome of chronic injury to the cervical 
spinal cord in the region of the central canal, operation may be indicated in the 
form of laminectomy with myelotomy (Case 4) or without myelotomy (Case 5) or 
perhaps simple laminectomy may suffice temporarily (Case 6). 

It must be noted that there have been definite reasons for designating the 
neurological pattern just described as the syndrome of chronic injury to the cervical 
spinal cord in the region of the central eanal, which are as follows: 

1. Although the symptoms and signs are the same as those ascribed to syringo- 
myelia this term would suggest the presence of a central cavity or syrinx, which 
need not necessarily exist in chronie trauma. For example, in Case 5, there was 
merely simultaneous anterior and posterior compression of the cord, with some 
partial regression of symptoms after simple laminectomy. There was no evidence 
of a syrinx. 

2. The etiology of syringomyelia, as such, may be neoplastic, infectious, con- 
genital, or so-called idiopathic, as well as traumatic. Therefore, designating this 
neurological pattern as a traumatic syndrome avoids confusion with these terms. 

3. The syndrome of acute injury to the anterior cervical spinal cord '*" has as 
its counterpart a chronic injury to the anterior cervical spinal cord }:2-5.17.28.29_ Tn 
spinal-cord pathology, the syndrome of acute injury to the cervical spinal cord in 
the region of the central canal *+:** should have as its counterpart a chronie neu- 
rological pattern or syndrome which actually best describes the site of the lesion 
responsible for the findings and yet avoids citing the pathological change, which, 
obviously, cannot be determined until the pathological specimen has been ex- 
amined. 

The syndrome of chronic injury to the central cervical spinal cord will be 
detected if one constantly keeps in mind that such lesions exist. Often, the etiology 
for such neurological changes is obscure because of the interval (often months or 
vears) that has elapsed between the injury and the appearance of the abnormal 
symptoms or findings. Therefore, a careful history, a rigorous pursuit of informa- 
tion from old records and roentgenograms; repeated, carefully charted neurological 
evaluations; and good, accurate post-mortem examination in the region of the 
cervieal cord and cervicomedullary junction are imperative if there is to be a better 
understanding of such lesions. 


SUMMARY 

Chronic neurological sequelae develop after a single acute or multiple chronic 
traumatic episodes to the cervical spine and spinal cord. 

The syndrome of acute injury to the cervieal spinal cord in the region of the 
central canal has been briefly discussed to present a foundation for the thesis of 
this paper. 

The syndrome of chronic injury to the cervieal spinal cord in the region of 
the central canal was demonstrated to be a definite entity. It is characterized by a 
history of previous trauma with the tardy onset of increasing weakness in both 
upper extremities, which is disproportionately greater than that seen in both lower 
extremities. There is usually an associated loss of pain and temperature sensations 
in the dermatomes involving the lower cervical and upper thoracic regions. The 
syndrome was illustrated by three case reports. 

The reasons for using this designation rather than the term traumatic syringo- 
myelia are discussed. 
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Surgical Treatment of Congenital Dislocation 


of the Hip in Children 
A ONE-STAGE PROCEDURE * 


BY WIKTOR DEGA, M.D., JERZY KROL, M.D., AND LECH POLAKOWSKI, M.D., 
POZNAN, POLAND 


From the Orthopaedic Clinic of the Medical Academy, Poznan 


During the ten years after World War II approximately 1,250 children were 
treated at the Orthopaedic Clinie of the Medical Academy in Poznan for con- 
genital dislocation of the hip. Of these children 762 required surgical reduction 
because of their relatively advanced age or because of failure of previous treat- 
ment. 

As is generally known, each type of congenital dislocation of the hip requires, 
in surgical treatment, an individual therapeutic approach. 

Simple open reduction is usually sufficient to obtain satisfactory results in 
children with the acetabulum comparatively well shaped and the femoral head 
small without increased anteversion and without any high upward displacement. 
When, however, the head is displaced high, reduction is still possible; but once 
this is accomplished, the pelvifemoral muscles press the femoral head so power- 
fully against the acetabulum that ulcerations of the cartilage covering the femoral 
epiphysis may arise. These joints later show restricted motion, symptoms of 
intra-articular irritation, and poor end results. 

The preparation of patients with preoperative traction makes reduction eas- 
ier, but does not prevent, according to our experience, undue pressure of the 


Fic. 1-A 1-B 

Figs. 1-A through 1-G.: Schematic drawing of the operative technique showing: skin 
incision (Fig. 1-A); dissection of the articular capsule and its division through the 
isthmus and the line of the oblique subperiosteal subtrochanteric derotation osteotomy 
(Fig. 1-B); shortening of the femur (Fig. 1-C); derotation by internal rotation 
of the proximal fragment on the diaphvseal one (Fig. 1-D); fixation of the fragments 
ifter derotation. Two wire loops first penetrate then encircle both fragments (Fig. 1-E) ; 
dome-shaped intertrochanteric osteotomy to correct anteversion and valgus deformity 
(Pig. 1-F); and fixation of the fragments with the aid of an angulated metal plate 
(hig. 

Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, New 

York, N. Y., February 4, 1958. 
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Fic. 1-F Pic. 1-G 


head against the acetabulum. The muscles stretched by extension recover their 
tone and tension when traction is removed after reduction. The older a child, the 
more drastic is the problem of muscles shortened by upward displacement of the 
femoral head. 

Camera, Loffler, Ombrédanne ™, and Zahradniéek solved this problem tv 
surgical shortening of the femur, thus restoring the balanee between the length 
of muscles, the nerves and artery, and the length of the femur. 

Simple open reduction fails if there is markedly increased anteversion of 
the femoral head and neck. When left uncorrected anteversion is a common cause 
of poor results following operation. Abnormal anteversion can be correeted by 
derotational osteotomy of the femur. 

Many surgeons perform derotational osteotomy later, at a second-stage op- 
eration. 

We observed a marked limitation of movements in the knee after supra- 
condylar osteotomy. It usually took a long time to restore the normal range of 
motion. Supracondylar osteotomy brings, in addition, a danger of slight varus 
deformity resulting from the pull of adductor muscles. 
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Fia. 2-A 
Roentgenogram made December 18, 1953, of B. R.. a five-year-old girl with bilateral 
congenital dislocation of the hip. The left hip was treated surgically elsewhere, with 
recurrent actual dislocation. 


High subtrochanteric osteotomy with a Kiintscher nail to fix the frag- 
ments does not prevent rotation of the upper fragment under the pull of ex- 
ternal rotator muscles. For this reason Gropié used special nails provided with 
a sort of fin to prevent relative rotation of the fragments. Zahradniéek performed 
intertrochanterie osteotomy and united the fragments with simple bone nails or 
screws. 

Simple open reduction fails, too, when the acetabulum is constricted by the 
inverted glenoid labrum, the infolded articular capsule and, when the femoral 
head is disproportionately large and deformed, and the acetabulum too small, 
narrow, and shallow to contain the head. In such instances, Colonna performs eap- 
sular arthroplasty. 

Keeping in mind these faets and considerations we have elaborated a one- 
stage procedure, based, mainly, on the techniques of Colonna and Zahradniéek. 
We have used this procedure since 1953 in 394 cases of which 172 have been fol- 
lowed up for from two to four years. 


OPERATIVE TECHNIQUE 

The operative technique is described in Figures 1-A through 1-G. 

The skin incision is L-shaped and anterolateral. The hip joint is reached 
between the sartorius, tensor fasciae latae, and glutaeus muscles. The latter are 
temporarily detached subperiosteally from the iliae bone. Capsular arthroplasty 
is performed according to the principles described by Colonna, but without pre- 
operative traction. Thus the patient need not be bedridden before surgery and 
additional anaesthesia is avoided. Besides this, we bypass the skin infection 
‘aused by traction wire, especially in high displacement when great weights are 
necessary. 

The dissection of the capsule from the surrounding muscles should be carried 
out precisely, especially in the vicinity of the posterior rim and along the iliopsoas 
muscle. The transverse ligament should be excised completely because otherwise 
it is difficult to be exact in reducing the head into the acetabulum. 

The socket is enlarged and deepened by a hand reamer adapting the depth 
of the acetabulum to the size of the femoral head, being careful not to make it 
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Fic. 2-B 

Roentgenogram made December 16, 1957, four years after operation on the right side, 
and two and a half years after the last operation on the left hip. The right hip was graded 
A (clinically good) ; the left, graded Co (clinically poor). 


too deep. We deepen the acetabulum only to the point where the triradiate car- 
tilage becomes visible and the acetabulum is hemispheric in shape and large 
enough to contain the femoral head to a little beyond the mid-line. It is important 


that the newly formed acetabulum be located and directed in a suitable manner. 
It is the exposed triradiate cartilage in the floor of the acetabulum which indi- 
cates the proper location for reaming. It should be remembered that the normal 
acetabulum faces forward and downward. If a too high posterior rim of the 
acetabulum is left, it may act as a fulerum during external rotation, thus causing 
gradual redislocation of the head. 

In deepening and widening of the acetabulum, care should be taken to avoid 
pushing small bone particles down beyond the transverse ligament. These parti- 
cles may give rise to the formation of a bone mass which may limit hip movement. 


Acetabuloplasty 


Acetabuloplasty is often used, instead of Colonna’s arthroplasty, for chil- 
dren three or four years of age. In the young, the socket is frequently deep 
enough to contain the femoral head, especially when it is small. We simply re- 
duce the head into the acetabulum after excision of the capsule. Sometimes the 
necessary widening of the socket may be achieved by excision of the infolded 
limbus. The removal of the transverse ligament is mandatory. Quite often we 
mold the roof of the acetabulum within the cartilage itself, by cutting away a 
few layers to form a better support for the head. We always leave the fibro- 
fatty pad on the floor of the socket. We never place the denuded head into the 
acetabulum when its cartilage is seriously damaged. 


Derotation Osteotomy 


The derotation osteotomy is an oblique subtrochanterie and subperiosteal 
procedure. We approach the femur by cutting through the vastus lateralis. An 
electric saw is used to cut a line from the upper external surface of the femur 
just below the greater trochanter downward toward the inner surface. By pushing 
aside the upper fragment, we get a large and easy approach to the acetabulum. 
Derotation is performed by rotating internally the upper fragment in relation to 
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Fia. 3-A 
Roentgenogram made June 25, 1954, of O. M., a girl, five and one-half years old showing 
bilateral congenital dislocation of the hip. 


Fic. 3-B 
Roentgenogram made August 29, 1957, three vears after one-stage reduction-reconstruc- 
tion of the left hip and two and one-half years after the same operation upon the right 
hip. The roentgenographic result is graded A; the clinical result in this case is excellent. 


the distal one. When the inereased anteversion is combined with a valgus or 
varus deformity, we use transverse intertrochanteric dome osteotomy. The bone 
is cut through with an osteotome in such a way that the distal fragment is dome- 
shaped and convex and the proximal fragment concave; the margin of the concave 
portion is formed of multiple pedicled osteoperiosteal flaps, which are cut during 
osteotomy to ensure easy adaptation and large contact of both fragments after 
osteosynthesis. Additional bone is removed from the distal fragment on the me- 
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dial or lateral side, depending upon the deformity (valgus or varus), in order 
to restore the correct angle of the neck and shaft of the femur. 


Shortening of the Femur 

Shortening of the femur is achieved simultaneously with osteotomy by cut- 
ting away a proximal portion of the distal fragment. The bone must be short- 
ened sufficiently to accommodate for the shortening of the muscles. The amount 
of operative shortening to be done is determined in the following way: after 
reducing the head into the acetabulum, the fragments are put together and the 
overriding end of the distal fragment is removed. Surgical shortening usually 
amounted to from one to three centimeters. In performing intertrochanteric os- 
teotomy we first detach the lesser trochanter and reattach it after the shortening. 
Derotation is performed by internal rotation of the upper fragment around the 
distal one. In oblique osteotomy the fragments are fixed by two wire loops which 
first penetrate and then encirele both fragments. In transverse osteotomy we use 
a Blount angulated metal plate. 


POSTOPERATIVE CARE 

After operation, the child is immobilized in a double hip spica. The limb op- 
erated upon is kept in slight abduction and neutral rotation. 

By the fourth week we remove the anterior portion of the pelvic belt and 
allow the child to sit in a plaster cast. Two weeks later the cast is completely 
removed and the patient encouraged to perform active motion. 

We do not allow walking earlier than three months following operation; often 
we prolong this restriction by an additional one to three months. In eases of bi- 
lateral open reduction, we perform a second operation after an interval of six 
months. 


Advantages of Method 

This one-stage method shortens the period of immobilization to a minimum. 
There is a great saving of time as compared with the three-stage procedure which 
requires a longer period of preparatory traction while waiting for the third-stage 
operation (derotation osteotomy ). 


COMPLICATIONS 

The one-stage procedure is fairly extensive and brings an increased opera- 
tive risk. Of the 398 children operated upon by this technique since 1953, four 
died. One child died at the very beginning of the operation, during skin incision; 
autopsy revealed status thymicolymphaticus. Another child died with symptoms 
of hyperthermia, but the primary cause of death was, as in the remaining two 
patients, postoperative shock. But, from the moment we improved our anaesthesia 
and anti-shock treatment we have had no fatalities among the 208 children op- 
erated upon in 1956 and 1957. 

Redislocation occurred in seven patients. Six were reoperated upon and the 
dislocation reduced with three excellent and three fair results. In two children, 
infection developed and in one there was redislocation. (This patient was men- 
tioned in the group of seven redislocations—the child was not reoperated upon 
and the result was considered poor.) 

In seven patients, late subluxation was noted; the final result was poor. The 
shaft fragment broke during the operation in two patients, but this incident had 
no influence on the result of the operation. It is worth mentioning that our Ortho- 
paedie Clinie is a training center for specialists. Therefore, our surgeons change 
frequently and their skill and degree of training varies widely. Many of them 
perform this operation for the first time. These facts have, no doubt, a bearing on 
both the complications and the results. 
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Fic. 4-A 
Roentgenogram made April 19, 1955, of W. A., a girl, four years old, showing congenital 
dislocation of the left hip, dysplasia with anteversion, and mild vascular changes of the 
right hip. 


Fic. 4-B 
Roentgenogram made September 24, 1955, five months after open reduction of the left 
hip according to the Zahradnitek method. 


INDICATIONS 

This one-stage procedure for the reduction and reconstruction of the hip is 
used: (1) as a primary treatment in neglected cases in which treatment is started 
late, when the patient is between three and seven years of age, and (2) as a 
secondary operation in cases previously treated unsuccessfully, either by conserv- 
ative or surgical methods. 

The complete procedure is performed when there exists: 

1. Great disproportion between the acetabulum and femoral head (a very 
narrow, shallow, and steep socket or 1 markedly enlarged and deformed femoral 
head or both). Capsular arthroplasty is necessary to enable the socket to contain 
the femoral head and te provide a lasting support for it. 
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TABLE I 
Meruop oF EVALUATION OF RESULTS 


Score * 


0 1 2 3 
I Range of Flexion, 0-40; ab- Flexion, 45-75; ab- Flexion, 80-110; Flexion, over 
movement duction, 0; in- duction, 5-10; abduction, 20-— 110; abduc- 
(Degrees) ternal rotation, internal rota- 30; internal ro- tion, normal; 
0 tion, 5-10 tation, 20-26 internal rota- 
tion, normal 
II Gait Marked limp; Slight limp; Tren- Slight limp only Normal 
Trendelenburg, delenburg, +; after running or 
+; Duchenne, Duchenne, — long walk 
+ 
III Pain Pain during walk- Pain when walking No pain 
ing long distances 
IV General Greatly reduced Slightly reduced Normal 
efficiency activity; easily activity ; fatigue 
fatigued; does only after long 
not participate walks; partici- 
in games pates in games 


7 The total score is obtained by adding the points in columns c; i ILL, ‘and IV, 


2. High upward displacement of the femoral epiphysis. Shortening of the 
femoral diaphysis is needed to overcome the shortening of muscles and to prevent 
undue pressure of the femoral head against the acetabulum after reduction. 

3. Anteversion of the femoral head and neck of more than 45 degrees. Dero- 
tation is indicated to ensure stable reduction and good congruency of the head 
and acetabulum. 

4. Valgus deformity greater than 145 degrees. This needs to be reduced to 
improve hip statics and to prevent deterioration and overloading of the femoral 
head. 


Fia. 4-C 
Roentgenogram made February 8, 1957, twenty months after operation. The process of 
adaptation of the acetabulum to the femoral head can be readily seen, This is, however, 
possible only in children under five years of age. Anteversion has been corrected in the 
right hip by subtrochanteric oblique osteotomy. The vascular changes disappeared. 
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TABLE II 
RoENTGENOGRAPHIC RESULTS IN RELATION TO AGE 


Age Results * 
() ear i Bo 


~ Ow 


Total 50 


* A: Normal or nearly normal appearance of the hip joint. 

B: The femoral head is not quite centered within the acetabulum but not actually subluxated; 
the acetabulum is sufficiently deep to contain a well shaped head and to provide adequate support 
for it; the acetabular roof is oblique (less than 30 degrees); the anteversion is less than 45 degrees; 
and the angle formed by the femoral neck and shaft is from 100 to 145 degrees. 

C: Recurrent subluxation 

D: Recurrent dislocation (Fig. 2-A). 

o: Vascular changes. Such a condition is denoted by a joint index, for example, Co (Fig. 2-B). 


When all of these conditions are not present, we perform only those parts of 
the operation necessary to correet the existing abnormalities. 


RES ULTS 

The clinical evaluation of the results are expressed in Table I. We assumed 
a total score of ten points as an excellent result, eight to nine points as good, five 
to seven points as fair, and less than five points as poor. 

The roentgenographie evaluation in relation to age is seen in Table IT. The 
assessment of results expressed by indices is more objective than other methods, 
although some subjective factors cannot be avoided. 

The method of grading results should be simple to be practical. Therefore, 
we created our own way of estimating results, applying the system of points, some- 
what different from that of D’Aubigné and of Massie and Howorth. This was 
especially justified, since we evaluated the results in children only. 

In the clinieal assessment of results four factors were taken into account: 
range of movement, gait (limp), pain, and fatigue (general activity of the child). 

When estimating the range of motion after operation three index movements 
were considered: flexion, abduction, and internal rotation. 

Flexion: Flexion is the most significant motion in function of the hip. Its 
range is usually in proportion to other motions of the hip. 

Abduction: Abduction, when present in an adequate range, means that there 
are no serious disorders within the hip, particularly no vascular change. Vascular 
change or any other intra-articular irritation brings about, apart from flexion 
contracture, the tendency to adduction contracture thus decreasing or abolish- 
ing abduction. We have never observed an abduction contracture in children we 
treated since postoperatively the hip is immobilized in a plaster east in only slight 
abduction. 

Internal rotation: We found after surgical correction of the anteversion that 
the limb shows a tendency to assume some degree of fixed external rotation. The 
presence of internal rotation was therefore a hint that this tendency had sub- 
sided. (We did not see fixed internal rotation in many of our patients.) 

Four classes of the range of motion, giving the seore of from zero to three 
points, were made. They were chiefly related to the range of flexion: 

1. When flexion is less than 40 degrees the child cannot sit or perform any 
activity requiring flexion in the hip. Here the score is zero. 
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CONGENITAL DISLOCATION OF THE HIP 


Fic. 5-A 
Roentgenogram made October 20, 1955, of G. B., a girl, five vears old, showing congenital 
subluxation of the right hip. 


Fic. 5-B 
Roentgenogram made March 7, 1957, seventeen months after operation. This case points 
out that the one-stage reduction-reconstruction can also be successfully performed in 
subluxations. There is still enough capsule to cover the femoral head completely. 


2. Flexion from 45 to 75 degrees enables the child to sit, but due, largely, to 
motion of the lumbar spine. Lumbar kyphosis occurs during sitting, a consider- 
able strain being imposed upon the spine. The child can also reach his feet with his 
hands. The seore is one point. 

3. If flexion is from 80 to 110 degrees, sitting is easy and normal; the child 
can even sit down on low objects and assume a crouching position. The score is 
two points. 
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6-A Fic. 6-B 

Fig. 6-A: Roentgenogram made June 21, 1955, two years after one-stage reduction-reconstruc- 
tion performed for congenital dislocation of the right hip. The right femur is only four millimeters 
shorter than the left, although it had been shortened three centimeters during operation. 

Fig. 6-B: The right tibia is two millimeters longer than its mate. The total shortening of the 
limb operated upon is only two millimeters. In the majority of our patients, the discrepancy in 
the limb length caused by operative shortening, ranging from one to three centimeters, dis- 
appeared completely within the first two vears following operation. 


4. When the flexion is more than 110 degrees it may be regarded as practi- 
cally normal, since all funetions ean be done readily without placing abnormal 
strain upon the spine. The seore is three points. 

Gait was subdivided into four elasses: 

1. Zero: marked limp, the same or almost the s:une as before operation; 
positive Trendelenburg and Duchenne signs; 

2. One point: slight limp, much less than before operation; positive Trendel- 
enburg and Duchenne signs; 

3. Two points: normal gait on examination, but slight limp appearing in 
the evening after long walks or while running; and 

4. Three points: normal gait under all cireumstances. 

Pain was evaluated by subdividing it into three classes: 

1. If the pain is marked, occurring at each step or frequently, the score is 
zero. 

2. If slight pain appears in the evening, after long walks, or at weather 
changes, the score is one point. 

3. If there is no pain, the score is two points. 

Fatigue (general activity) was evaluated in a similar manner to pain: 

1. Quick fatigue, which restricted general activity and made only short walks 
possible, was graded as zero. 
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TABLE III 
CLINICAL RESULTs IN RELATION TO AGE 


Age Results 


(¥ ears) Excellent Good No. of Patients 


| 


3 18 
4 20 
5 11 
6 10 
7 
8 
9 
12 


39 
42 
30 
31 
11 


ww 


on 


| 


x 


Total 


TABLE IV 
CLINICAL RESULTS IN PER CENT OF THREE AGE GROUPS 


Age Results 


(Years) Excellent Good 
3 to 5 40 
6 : 32 
7 to 12 7 


TABLE V 
COMPARISON OF CLINICAL AND ROENTGENOGRAPHIC RESULTS 


Clinical Roentgenographie Result 

Result i ! Bo c Co D Total 
Excellent 35 64 
Good 4 57 
Fair 8 33 
Poor . 18 
Total j 172 


2. Fatigue arising in the evening, after long walks, and only slightly restrict- 
ing the child’s activities was scored as one point. 

3. No abnormal fatigue and no restriction of activity was scored as two 
points. 

A total score of ten points was assumed as an excellent result: eight to nine 
points, good; five to seven points, fair; and less than five points, a poor result. 


OPERATIVE RESULTS 

From 1953 to the end of 1957, 398 hips were operated upon by the method 
deseribed previously. The 172 hips operated upon from 1953 to 1955 were fol- 
lowed for a period of two to four years. The ages of the children ranged from three 
to twelve years. 

Tables III and IV show the clinical results. There is a striking difference 
between the group of children less than six years old and of those over seven. In 
the former group the percentage of satisfactory results (excellent and good) is 
very high (84 per cent), while in the latter, rather low (23 per cent). Six seems 
to be the border-line age if satisfactory results are to be expected. At this age 
favorable results still constitute 64 per cent. The comparison of clinical and 
roentgenographie results is shown in Table V. 
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Fig. 7-A 
Roentgenogram made January 26, 1953, of K. H., a girl, three and one-half years old, 
showing congenital dislocation of both hips. 


Fic. 7-B 
Roentgenogram made May 14, 1957, four years after open reduction, by Zahradnitek’s 
method, on the left hip, and nearly four years after one-stage reduction-reconstruction 
of the right hip. Roentgenographie result is graded A, and the clinical result, excellent. 


Vascular Changes 


Vascular changes of the femoral head were found in 28 per cent of patients 
operated upon. Massie and Howorth observed these changes in 41 per cent of their 
patients but Colonna did not state any percentage. 
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Twenty-eight per cent seems a rather high rate and might be related by some 
surgeons to the operative method itself. We must therefore explain that we took 
into account all vascular changes observed after operation. 

These changes ean be roughly classified into two groups: (1) Slight and 
transient, subsiding within several months without leaving any bad effeet. This 
group constituted 70 per cent of all vascular changes and occurred mainly in 
children less than six years old and (2) Severe and persistent, lasting for years. 
These constituted 30 per cent of all vascular changes and occurred almost exclu- 
sively in children operated upon when they were over six years old, or in chil- 
dren having marked vascular changes before operation as a result of previous 
unsuccessful attempts at reduetion performed elsewhere. 

In view of these findings we have now decided not to operate on older chil- 
dren by the one-stage method, especially when they have bilateral dislocation. 
Restriction of this operation to children under six will undoubtedly improve our 
results as far as vascular changes are concerned. 

The assumption that the one-stage procedure, including subtrochanterie oste- 
otomy to reduce valgus deformity and anteversion as an essential step of opera- 
tion, accounts for vascular changes has very little if anything to support it. 

Our knowledge of the vascular anatomy of the femoral head and neck * 116 
indicates definitely that osteotomy performed at the subtrochanteric level, as 
well as careful dissection of the articular capsule and its division through the 
isthmus or at the acetabular attachment, cannot by themselves produce vascular 
changes, provided the femoral attachment of the capsule is respected. We avoid 
disturbing this region as far as possible. 

After the one-stage procedure was performed on younger children severe vas- 
cular changes were rare. 

Subtrochanterie osteotomy to correct valgus or varus deformity when per- 
formed as the sole procedure never caused vascular changes; on the contrary, when 
these changes were present before operation, they seemed to clear up more quickly 
after osteotomy. 

It is impossible at this time to give a final estimate of the results of the im- 
pairment of the arterial-blood supply to the femoral head observed in our patients. 
Moderate and severe changes persist for several years before they are healed ?". 
Much longer follow-up is necessary before the final results of this operation will be 
known. 


CONCLUSION 

1. The operative procedure referred to in this paper aims at the removal of 
all abnormalities of the dislocated hip in a one-stage operation, thus shortening 
to a minimum the time necessary for treatment. 

2. The most favorable age for this procedure ranges from three to five 
years; of 111 children in this age group, ninety-four had excellent and good re- 
sults, twelve had fair, and only five had poor results. 

3. Six is the maximum age limit at which it is still possible to expect a satis- 
factory result. 

4. Whereas the majority of failures in the group of children between the 
ages of three to five years may be attributed to faulty operative technique, the 
bulk of failures in children over six are due to vascular changes which develop 


despite correct operative technique. 
6. The follow-up period (two to four years) is too short to allow a definite 
conclusion to be drawn. This paper must then be regarded as a preliminary 


report. 
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DISCUSSION 
Dr. JoHN R. Moore, PHivaperpuiy, PENNSYLVANIA: This is an excellent paper. The opera- 
tive procedure is based upon the premise that deformity of the acetabulum, femoral torsion, 


coxa valga and vara show very little if any tendency to spontaneous improvement. One must 
conclude that the author considers these anomalies as a primary congenital deformity. However, 
overwhelming evidence—roentgenographic, experimental, and clinical—has shown these ab- 
normalities to be secondary to the dislocation. Successful reduction of the hip during infaney and 
the proper treatment of the subluxation during infancy offers strong opposition to the premise 
upon which the surgical procedure is based, entirely or partly. The operative procedure therefore 
does not have a strong basis of support. The procedure itself is well illustrated. It is quite 
obvious that the blood supply of the proximal fragment of the femur is dependent almost 
entirely upon the external rotator flap, the glutaeus medius and minimus attachments to the 
greater trochanter, and the mild periosteal flap (vasta medialis and lateralis). The blood sup- 
ply is therefore in considerable Jeopardy and aseptic necrosis is a highly probable complica- 
tion. The vascular changes in 48 per cent of the patients as reported by the author are not 
surprising. The two to four-vear follow-up is probably too short a time to evaluate the end 
results, and in all probability the number of cases of vascular necrosis will increase and the 
96 per cent with excellent results will decrease with time. A five-vear follow-up, or longer, will 
prove or disprove this conjecture. The relatively large number of dislocated hips would in- 
dicate the need of more intensive education of the layman and physician in the early recog- 
nition of congenital dyplasia and congenital dislocation of the hip. It is regrettable that more 
emphasis is not placed on this fact. 
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Lumbosacral Anomalies 


BY THEODORE A. WILLIS, M.D., SAN MATEO, CALIFORNIA 


Structural variations of the lumbosacral mechanism have been discussed re- 
peatedly, particularly those that involve the transverse processes in various 
stages of sacralization of the last lumbar vertebra and those that affect the ele- 
ments of the neural arch, resulting in instability of the spinal column on the 
sacrum or endangering the nerve roots at their intervertebral exits. 

The purpose of this paper is to report the results of a statistical study of 
certain variations of the lumbosacral joint, a study undertaken preliminary to 
further investigation of lumbosacral stability. Tht variations studied were (1) 
the anteroposterior diameters of the last lumbar and first sacral vertebral bodies, 
(2) the lengths of the pedicles as they would be visualized in lateral roentgeno- 
grams, (3) the anteroposterior inclination of the joint surfaces of the sacral ar- 
ticular processes with respect to the superior surface of the sacrum, and (4) the 
angles formed by the planes of the joint surfaces of the posterior articulations 
with the sagittal plane. The statistics are based on a recent examination of 100 
skeletons chosen at random from the Todd Collection of Western Reserve Uni- 
versity School of Medicine. Skeletons showing partial sacralization or defects of 
the neural arch were excluded. 


BODY DEPTH 


A number of years ago, I discussed the often greater depth of the last lumbar 
body as compared with that of the adjacent first sacral vertebra, which, in lateral 


‘| 


The superior su" ‘e of a sacrum having a concave posterior body surface. Line 1, the sagit- 
tal plane. Line 2, ..e most anterior points of the superior articular surfaces. Line 3, the points 
of greatest body depth. Line 4, greatest depth of the posterior body concavity. Line 5, the 
anterior border of the centrum. Body depth is measured from Line 5 to Line 3, pedicle length 
from Line 3 to Line 2, and depth of the concavity from Line 3 to Line 4. 
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Fic. 2 


The inferior surface of a last lumbar vertebra. Line 1, inferior articular facets, asymmetrical 
and convex. Line 2, the most anterior points of the facets. Line 3, the posterior border of 
the centrum. Line 4, the anterior border. Body depth, Line 4 to Line 3; pedicle length, Line 
3 to Line 2. 


The superior surface of a sacrum with a convex posterior body surface. Note that the 


articular facets are asymmetrical in form but are at the same angulation with the sagittal 
plane, as shown by Line 1 and Line 2. 
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roentgenograms, gave rise to an optical illusion of backward displacement of the 
former on the latter *. I reported then that in measurements of fifty skeletons, the 
depth of these bodies was equal in only 34 per cent. In the other 66 per cent, lumbar 
depth exceeded sacral depth or in a few instances was less—which was an inei- 
dence six times as great as that which had been reported to be of etiological 
significance in backache 

In both the earlier and the present series of skeletons, the depth of the seg- 
ments Was measured from the most anterior to the most posterior parts of the bodies 
as they would appear in true lateral roentgenograms, rather than at their mid- 
lines, because, in about 25 per cent of each series, the posterior surfaces of the 
first sacral bodies were concave—a condition not discernible by roentgenograms 
(Figs. 1 and 2). 


Fic. 4 


Chart showing the incidence of the various degrees of angulation of the articular surfaces 
of the lumbosacral posterior joints. In this chart each facet was given a value of two milli- 
meters and its angulation was recorded on the closest 5-degree radial. The circumferential 
figures denote: are BB, the degree of angulation, and are AA, the incidence at each radial. 


In nineteen of these 100 skeletons, the adjacent last lumbar and first sacral 
bodies were of equal depth; in twelve, the sacrum was deeper; and in sixty-nine, 
the lumbar was deeper. The greatest excess of lumbar depth over sacral was ten 
millimeters; the next greatest was eight, then seven, and, twice, six millimeters. 


PEDICLE LENGTH 

Pedicle length was considered to be the distance from the most posterior part 
of the vertebral body to the most anterior part of the articular facets, as these 
points would appear in lateral roentgenograms (Figs. 1 and 2). The lumbar in- 
ferior articular processes are located posterior and superior to those on the sacrum. 
It was anticipated that the amount of posterior overriding of the lumbar processes 
with respect to those of the sacrum would depend on this inelination in the coro- 
nal plane. It was also anticipated that the length of the lumbar pedicles would 
increase as this inclination decreased, that is, as the plane of the facets ap- 
proached the coronal plane. This was not always true. In faet we found no cor- 
relation between pedicle length and body depth. In twenty specimens the sacral 
pedicles were one or two millimeters longer than the lumbar; in one in which there 
was maurked bone lipping about the facets, they were five millimeters longer. In 
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twenty-five, the lumbar and sacral pedicles were of equal length and the corre- 
sponding vertebral bodies were of approximately equal depth. In fifty-five, the 
lumbar pedicles were longer than the sacral. The greatest, excesses were seven, six, 
and five millimeters in three specimens, and four millimeters in two specimens. 


INCLINATION OF FACETS 
The superior articular facets of the sacrum have frequently been described 
as extending downward and slightly backward in relation to its superior surface. 
To such backward inclination has been attributed posterior displacement of the 
last lumbar segment on the sacrum when the intervening dise has degenerated with 
narrowing of the interspace. Only one of these 100 sacrums showed such inclina- 
tion. In eighty-two, the planes of the facets and of the superior surfaces were at 
right angles. In seventeen, the facets inclined downward and forward, but seven 
of these were unilateral, with the opposite facet at right angles to the superior 
surface of the sacrum. The greatest forward inclination among these seventeen 
specimens was 10 degrees. 


ANGULATION OF FACETS 

In cross section the articular surfaces of the sacral articular processes were, 
with few exceptions, concave, whereas the lumbar articular surfaces were convex. 
The angles formed by the plane of these articular surfaces (as measured across 
their coneavities) and the sagittal plane of the vertebral bodies (Fig. 3) varied 
from 20 to 90 degrees. The average was 49 degrees and the mode, on both right 
and left sides, 60 degrees. A single facet with a 90-degree inclination was diminu- 
tive and flat. Inclination was bilaterally asymmetrical in 52 per cent. One was at 
80 degrees, two at 75, and the others diminished to a minimum of 20 degrees (Fig. 


4). 


The frequency and amount of these variations seem to eliminate them as 
being of clinical importance, except when extreme. The findings in this study, 


which also are inconsistent with the commonly accepted opinions, are: 

1. That the posterior projection of the inferior border of the last lumbar 
vertebra beyond the opposing border of the sacrum is not indicative of posterior 
displacement of the lumbar vertebra but usually only a difference in the antero- 
posterior diameters of the two vertebral bodies; 

2. That the planes of the joint surfaces of the superior sacral articular proe- 
esses do not incline backward in relation to the superior surface of the sacrum; 

3. That the planes of the lumbosacral articulations rarely approach either 
the sagittal or coronal planes. 
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Localization of Alkaline Phosphatase in the 
Histogenesis of Cartilage and Bone* 


BY SHAFIK F. RICHANY, M.D., THEODORE H. BAST, PH.D. (DECE ASED), AND 
D. MURRAY ANGEVINE, M.D., MADISON, WISCONSIN 


From the Departments of Anatomy and Pathology, University of Wisconsin 
Medical School, Madison 


The role of alkaline phosphatase in the process of bone formation was first 
shown by the studies of Robison (1923); subsequently Gomori (1939) published 
a method for the histochemical localization of alkaline phosphatase. Since that 
time, various investigators have studied this enzyme in association with ossifica- 
tion, calcification, and dentine deposition. Gould and Shwaechman (1942) 
reported that bone phosphatase and serum phosphatase are elevated in the presence 
of excessive new-bone formation but that they are diminished in scurvy. Follis 
(1951) reported complete absence of alkaline phosphatase in the Geriistmark cells 
in ribs of scorbutie guinea pigs. Gutman and Gutman (1941) suggested that it is 
the presence of phosphorylase in calcifying cartilage which converts glye ogen into 
hexosephosphate. Robison (1923) suggested that this hexosephosphate is a sub- 
strate for alkaline phosphatase. In view of these findings, one’s attention is invited 
to the hypothesis of Gutman and Gutman that, in cartilage, phosphorylase con- 
verts glycogen to hexosephosphate, and alkaline phosphatase, a hydrolytic enzyme, 
then acts on this esterphosphate to liberate a phosphate ion which combines with 

calcium ions in the calcifying cartilage matrix when the solubility product of the 
phosphate ions is exceeded. The investigations of Freeman and McLean (1941), 
Kabat and Furth (1941), Horowitz (1942), Gomori (1943), Bourne (1944), 
Greep and associates (1948), Follis and Berthrong (1949), and Lorch (1949), 
among others, have dealt with the association of alkaline phosphatase with eal- 
cification and ossification. It is now generally accepted that osteoblasts, odonto- 
blasts and ameloblasts, and hyaline cartilage cells when they become hyper- 
trophic, all manifest alkaline phosphatase activity. 

It has not been clearly demonstrated, however, at what stages of mesenchymal 
cellular differentiation this enzymatic activity appears, nor is it known whether 
this enzyme is present in both osteogenetic and chondrocytie precursors prior to 
their differentiation to either osteoblasts or chondroblasts. 

To study such a problem in relation to bone development, it is desirable to 
do so at a site where both membranous and endochondral bone are differentiat- 
ing simultaneously. Because such features are present in the developing mandible, 
Meckel’s cartilage, the tympanie ring, and the anterior process of the malleus of 
the developing rat foetus it seemed appropriate to make a detailed study of this 
area with respect to the presence of alkaline phosphatase in association with dif- 
ferent modes of osteogenesis. The histogenesis of these structures in man has been 
previously described by Richany, Anson, and Bast (1954), Anson, Bast, and 
Richany (1955) and Richany, Bast, and Anson (1956) and include the following 
interesting features: 

1. The mandible shows varied types of ossification. It begins to ossify clas- 
sically as a membranous bone; with further fetal growth it acquires a preskeletal 
type of tissue in the developing upper rami and condyles, the histogenesis of which 
has not been previously explained. This tissue appears as a “neomorph” intermedi- 


* This study was supported by grants from the Wisconsin Alumni Research Foundation 
and the National Institutes of Health, United States Public Health Service. 
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Fic. 2 
Fig. 1: Photomicrograph of a rat fetal mandible (fifteen days from first day of pregnancy) 
stained with hematoxylin and eosin (x 50). Meckel’s cartilage (MW) and the early stages of 
condensation and differentiation of mesenchymal cells to osteogenetic cells (R) are seen. 
Fig. 2: Photomicrograph of an adjacent section (x 50) showing alkaline phosphatase activ- 
ity which is represented by a black precipitate of cobalt sulphide in the nuclei of osteogenetic 
cells and in some of the formed osteoid matrix. The surrounding mesenchyme is unstained. 


Fig. 3: Photomicrograph of a section of a rat fetal mandible (sixteen davs) stained with 
hematoxvlin and eosin (* 50) shows the anlage of three membranous sites of ossification. 
The mandible (2), tympanic ring (7), and the anterior process of the malleus (A) in the 
yp riphe ral pe richondrium of Meckel’s cartilage at (VM). 

Fig. 4: An adjacent section of same stage stained for alkaline phosphatase which is rep- 
resented in a black precipitate in the ossification sites that are well demarcated from the 
general mesenchyme which is unstained. Ramus (/?), Meckel’s cartilage (WV), anterior process 
(A), and tympanic ring (7) are shown (x 50). 


ate between cartilage and bone. It is characteristic of this tissue to either trans- 
form directly into bone or to develop cartilage and then undergo replacement 
as In endochondral ossifieation. 

2. Meckel’s cartilage is an embryonic transient structure which appears dur- 
ing the development of the temporomandibular joint. The anterior portion ossifies 
by endochondral bone formation while its mid-portion, to the level of its con- 
tinuity with the malleus, does not normally ossify but attains a mature chon- 
droeytie texture and then dedifferentiates into a connective-tissue ligament. 

3. The tympanic ring and anterior process of the malleus, the latter develop- 
ing in the perichondrium of Meckel’s cartilage, are classically intramembranous 
bone and retain this mode of osteogenesis into adult form. 

The primary object of this study is first to present histological evidence in 
rats demonstrating the presence of alkaline phosphatase in the normal process of 
differentiation of embryonic mesenchymal cells to cartilage or bone, and second 
to determine the role, if any, of alkaline phosphatase in the ossifying anterior por- 
tion of Meckel’s cartilage, as contrasted to the non-ossifying mid-portion of 


this strueture. Further, the histogenesis of the preskeletal tissue, or secondary ear- 
tilage, which appears in an intramembranous site of ossification in the rami 
und condyles of the mandible may shed some light on the origin of this tissue. 
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Does this tissue originate from a stem cell with osteogenetie properties and change 
its pathway of differentiation to give rise to an intermediate type of preskeletal 
tissue which can either transform to bone or continue to cartilage, or does this 
tissue derive from embryonic mesenchymal cells that have differentiated solely 
through the various stages of chondroblastie precursors? 

Our description will be limited to rat fetal material. 


MATERIALS AND METHODS 

This investigation of the alkaline phosphatase activity in the histogenesis of 
bone and cartilage was made on heads of fetal rats between fifteen to twenty days 
of intrauterine life. The first day of pregnancy was timed by finding spermatozoa 
in daily vaginal smears. At the time of sacrifice the petrous region and mandible 
were removed and fixed simultaneously in the following fixatives: cold acetone, 
cold absolute aleohol, and isopropyl! aleohol. Cold absolute aleohol and cold ace- 
tone proved most satisfactory. The tissues were not decalcified. Dehydration was 
accomplished only by cold absolute aleohol or cold acetone. Cedar-wood oil was 
used for clearing; subsequently tissues were embedded by three changes of paraf- 
fin twenty minutes each at 52 degrees centigrade. Sections were cut serially at 
eight micra. Alternate adjacent sections were stained with hematoxylin and eosin 
and for alkaline phosphatase. Gomori’s substrate was used at pH 9.4 but the 
Gomori procedure was simplified and modified by avoiding the use of alcohols 
in subsequent procedures. Sections were deparaffinized following incubation in 
sodium glycerophosphate and subsequent treatment with 2 per cent cobalt chloride 
solution and ammonium sulphide water. Incubation time was limited to ten to 
twenty minutes. In the case of the controls, sodium glycerophosphate was omitted 
from the incubating solution. Sections were last deparaffinized in xylol and 
mounted with balsam. 


OBSERVATIONS 

The areas specifically studied were the mandible, Meckel’s cartilage, the an- 
terior process of the malleus, and the tympanic ring. 

The mandible in the rat is the first skeletal structure to ossify. On the fifteenth 
day of intrauterine life or slightly earlier a condensation of osteogenetic cells 
appears on the anterolateral surface of Meckel’s cartilage. These cells constitute 
the primordium and the center of intramembranous ossification of each half of 
the developing mandible (Fig. 1, JJ and R). At this stage these osteogenetic 
precursors retain the cytological characteristics of their mesenchymal precursors. 
The centrally located cells of this condensed cellular mass appear modified when 
compared with the surrounding mesenchyme. The symmetrical Meckel’s cartilages, 
right and left, represent the cartilaginous core of the first visceral arch. They are 
among the earliest skeletal structures to chondrify and are easily identified at 
this stage by their young cartilaginous texture. They have undergone no osseous 
change and no alkaline phosphatase activity is demonstrable. An adjacent section 
through the mandible stained for alkaline phosphatase (Fig. 2) demonstrates the 
presence of this enzyme by a black-staining precipitate of cobalt sulphide in the 
nuclei of these osteogenetic precursors and in a few of the formed osteoid intercel- 
lular fibers in the ossification site of the mandible. In contrast, the surrounding 
mesenchyme remains unstained. 

With further development of the bony mandible osteoblastie precursors be- 
come more identifiable from the surrounding mesenchyme. This is represented at a 
sixteen-day stage (Fig. 3, R). The bone-forming cells in this region of the upper 
ramus have become enlarged and cuboid, aligning themselves in osteogenetic rays. 
This is preparatory to iutramembranous-bone deposition at this site of ossification. 

Other anlagen of sites of intramembranous ossification are seen at this stage 
in the tympanic ring and in the anterior process of the malleus (Fig. 3, T and A). 
Ossification of the anterior process of the malleus begins in the perichondrium of 
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Fig. 5: Photomicrograph of sixteen-day stage of the body of the mandible stained with 
hematoxylin and eosin (x 107). Note the non-osseous portion of Meckel’s cartilage at M and 
membranous bone trabeculae. 

Fig. 6: A higher magnification of Fig. 4 (x 107) showing enzymatic activity in the nuclei 
and cytoplasm of osteoblasts. Enzyme activity is also present in the preosseous collagen fibers 
Note clear demarcation from the general surrounding mesenchymal cells. 

Fig. 7: Photomicrograph of sixteen-day fetal mandible (x 54) cut through a region ad- 
jacent to the section represented in Fig. 5. Note Meckel’s cartilage (M) free of enzymatic 
activity, the developing tooth socket appearing as an island of mesenchymal cells free of 
enzymatic activity, the ossifying lower ramus of the mandible at R with differentiated mesen- 
chymal osteogenetic precursor cells well demarcated from the general mesenchyme. 


Meckel’s cartilage. In both the tympanic ring and in the anterior process of the 
malleus this mode of osteogenesis continues into adult form. Meckel’s cartilage 
(Fig. 3, M), represented here in its mid-portion, shows no evidence of ossification. 
An adjacent section stained for alkaline phosphatase (Figs. 4 and 6) clearly 
demareates these ossification centers from the unstained and undifferentiated 
mesenchyme. The activity of the enzyme appears to be localized in the nuclei and 
in the cytoplasm of osteoblastic precursors in the centrally located cells while 
nuclear activity alone is demonstrated in the cells along the margins of the well 
demarcated ossification sites in the upper ramus and tympanie ring. At the pe- 
riphery of Meckel’s cartilage (compare Figs. 3 and 4) black-staining scattered 
granules appear in the anlage of the ossifying anterior process of the malleus but 
Meckel’s cartilage remains free of osseous changes and alkaline phosphatase activ- 
ity. Osteoid intercellular matrix surrounded by osteoblasts does demonstrate in- 
tense activity. Figures 5 and 7 represent a section from a lower level of the same 
stage and demonstrate the ossifying body with the same findings as those 
described at a higher level of the ramus (Figs. 3 and 4). With further 
development of the bony mandible as in the seventeen-day stage, the upper ramus 
acquires a preskeletal type of tissue (compare Figs. 3 and 8). It is characteristic 
of this tissue either to transform directly into bone or to develop into cartilage 
and then undergo endochondral ossification. The cells of this tissue show grada- 
tions between chondroid cells, osteoblasts, and proliferating fibroblasts, some of 
which have differentiated into an intermediate stage between chondroblasts and 
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Fig. 8: Photomicrograph of a seventeen-day fetal rat mandible (x 107) stained with 
hematoxylin and eosin. Note the preskeletal type of tissue in the developing upper ramus 
(P). Posteriorly, the cells are differentiating to rapidly proliferating osteoblastic cells and 
anteriorly to chondroid cells. 

Fig. 9: An adjacent section (x 107) demonstrating alkaline phosphatase activity in the 
surrounding osteogenic cells and in the intercellular osteoid matrix. The preskeletal type of 
tissue (P) demonstrates slight cellular and intercellular activity. Its cells at the periphery 
grade into the surrounding osteoblast and demonstrate relatively more activity than the 
centrally located cells. 


aS 


Fic. 10 Fia. 11 


Fig. 10: Photomicrograph of an older stage than previously, cut through the base of the 
upper ramus and non-ossifying portion of Meckel’s cartilage of a fetal rat mandible, at nine- 
teen days, stained with hematoxylin and eosin (x 107). This slide shows an appreciable 
amount of membrane bone deposited around the island of hypertrophic cartilage at P. Note 
osteoid tissue (O7') developing in preparation for membrane-bone deposition. 

Fig. 11: An adjacent section (x 54) demonstrating alkaline phosphatase activity in the 
cell nuclei and cytoplasm of the hypertrophic cartilage. Around the periphery of this cartilage 
are bone trabeculae, with osteoid surrounded by osteoblastic cells. Note the intense activity 
in the osteoid trabeculae and at the margins of the growing bone trabeculae. Meckel’s cartilage 
is free of enzymatic activity, the general mesenchyme is unstained. Osteoid trabeculae (O7'), 
Meckel’s cartilage (M). Preskeletal tissue with hypertrophic cartilage cells at P. 


VOL. 41-A, NO. 5, JULY 1959 


943 
Fic. 8 Fic. 9 
| 
af 
ot 


RICHANY, T. H. BAST, AND D. M. ANGEVINE 


Fig. 12: Photomicrograph of an eighteen-day rat through the ramus, stained with hema- 
toxylin and eosin (x 56) showing the preskeletal tissue (P?) surrounded by membranous- 
bone spicules. This tissue differentiates to osteoblastic precursors on one side and to hyper- 
trophie cartilage in another direction. Note the surrounding rapidly proliferating osteogenetic 
cells Mecke I's cartilage (M) 

Fig. 13: An adjacent section stained for alkaline phosphatase activity (x 111). Note the 
clearly demarcated osteogenetic tissue from the general mesenchymal cells. Also note the 
enzymatic activity in the nuclei, cytoplasm, and matrix of hypertrophic cartilage cells. 


Fig. 14: Photomicrograph of a rat fetal mandible, nineteen days, cut at the anterior portion 
of the lower ramus, showing the ossifving part of Meckel’s cartilage (7) surrounded by osteo- 
genetic tissue with considerable amount of membrane bone already deposited. Also note the 
developing site of a tooth. Stained with hematoxylin and eosin (x 56). 

Fig. 15: An adjacent section showing alkaline phosphatase activity concurrent with the 
preosseous changes in Meckel’s cartilage. Note the black precipitate in nuclei, cytoplasm, 
and intercellular matrix. Also note the diminishing activity of alkaline phosphatase in the 
bone trabeculae as compared with that of osteoid intercellular fibers (x 56). 
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osteoblasts. Surrounding this tissue is an area of rapidly proliferating osteogenetic 
cells. 

An adjacent section stained for alkaline phosphatase demonstrates nuclear 
and cytoplasmic enzyme activity both in these bone-forming cells and in the inter- 
cellular osteoid matrix (Fig. 9). The newly formed, “neomorphie”, preskeletal tis- 
sue also shows some activity in the nuelei and in the matrix. At later stages of 
eighteen and nineteen days (Figs. 10, 11, 12, and 13 at P) these cells become 
typical hypertrophic cartilage cells with associated minimal calcification in the 
matrix. Alkaline phosphatase studies show nuclear and cytoplasmic, as well as 
intercellular enzymatic activity associated with the preosseous changes. In these 
later stages a considerable amount of membrane bone is deposited (Figs. 10 and 
12). Adjacent sections stained for alkaline phosphatase (Figs. 11 and 13) demon- 
strate less activity in the osteoblasts surrounding the bone trabeculae than in the 
osteoblasts surrounding an osteoid zone. The osteoid laminae on the margins of 
the bone trabeculae are heavily and intensely stained as compared with the al- 
ready ossified trabeculae. 

The association of alkaline phosphatase in ossifying cartilage of endochondral 
type is well demonstrated in a nineteen-day stage (Figs. 14 and 15). The ear- 
tiluginous structure enveloped by the developing membranous bone of the lower 
ramus of the mandible is Meckel’s cartilage. At this stage Meckel’s cartilage under- 
goes osseous alteration along its anterior portion as demonstrated in Figure 14 at 
M. An adjacent section shows enzymatic activity in the nuclei and eytoplasm of 
the hypertrophic cartilage cells and in calcifying matrix. This resembles the hyper- 
trophic cartilage present in the developing upper rami (compare Figs. 12, 13 at P, 
14, and 15 at MW). The remainder of Meckel’s cartilage does not show enzymatic 
activity (compare Figs. 1 through 7, 10, 11, and 12). 


DISCUSSION 

The physiochemical mechanisms involved in chondrification and ossification 
are not as yet completely understood. Of the various factors involved in these 
biological phenomena one is alkaline phosphatase. 

The early signs of enzymatic activity in membrane bone appear concurrently 
with condensation of osteogenetic mesenchymal cells (Figs. 1 and 2). The enzyme 
first appears in the nuclei and then with further differentiation of these osteogenetic 
precursor cells the enzyme appears in their nucleoli and their cytoplasm (Figs. 
4,6, and 7). With further development of osteoblasts and the appearance of osteo- 
clasts the enzyme becomes. extracellular. Mineral salts are then deposited among 
the preosseous collagen fibers or osteoid matrix, and the phosphatase activity be- 
comes weaker or disappears except in the osteoid laminae at the margins of the 
growing bone trabeculae (Figs. 12, 18, 14, and 15). 

In contrast to this, alkaline phosphatase is not associated with the early 
condensation of mesenchymal cells at the start of chondrogenesis. It does not be- 
come demonstrable until hypertrophie and caleifie changes are present. At the onset 
of enlargement or hypertrophy of cartilage cells, phosphatase activity is noted in 
the nuclei and then it gradually appears first in the eytoplasm and then in extra- 
cellular matrix, the amount depending upon the degree of hypertrophy and the 
extent of the deposition of inorganic salts in the altered cartilaginous matrix (Figs. 
14 and 15). The constant association of this enzyme with the osseous change sug- 
gests that it plays some specific role in bone formation. Meckel’s cartilage, as 
previously described, ossifies in its anterior portion and the remainder dedifferen- 
tiates into connective tissue. In this study it has been noted that the non-ossifying 
part of Meckel’s cartilage is free of enzymatie activity in contrast to its anterior 
ossifving portion (compare Figs. 4, 5, 7, 11, and 15). 

The preskeletal type of tissue seen in the ramus of the mandible appears 
from the standpoint of histogenesis to be an alternate product of osteogenetie 
stem cells (Figs. 8 and 9) which may go direetly to bone or give rise to a type of 
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tissue which resembles hypertrophic cartilage. This tissue undergoes calcific and 
hypertrophic changes but it does not originate in a manner similar to other chon- 
drocytic structures which normally go through a progressive differentiation of 
mesenchymal cells toward typical chondrocytes. This is evident if one compares 
Figures 3 and 8. In its early histogenesis this intermediate type of skeletal tissue 
demonstrates slight enzymatic activity. Later as osteoblastic and preosteoblastic 
cells appear intense nucleolar and cytoplasmic alkaline phosphatase activity are 
found. With further development, this tissue (Figs. 10 and 12) shows characteris- 
tic osseous changes resembling those in a cartilaginous structure undergoing 
changes preparatory to endochondral ossification. Alkaline phosphatase studies at 
this stage reveal enzymatic activity in the nuclei, eytoplasm, and intercellular 
matrix (Figs. 11 and 13). 

As to the role of alkaline phosphatase activity in bone formation, it may be 
stated in view of our findings that this enzyme plays a local and specific part in 
the osteogenesis of bone, calcification of cartilage, and differentiation of mesenechy- 
mal tissue to osteogenetic or osteoblastic cells. 


SUMMARY 
1. Meckel’s cartilages and the intramembranous sites of ossification in the 
mandible, tympanic ring, and the anterior process of the malleus of fetal rats 
between fifteen and twenty days of intrauterine life have been studied with respect 
to the localization of alkaline phosphatase during the normal differentiation of 
embryonic mesenchymal cells to osteoblasts and chondroblasts. 

2. Alkaline phosphatase appears in the nuclei coneurrent with the preliminary 
condensation of osteogenic mesenchymal cells in the primordium of an intramem- 
branous ossification center. 

3. With further differentiation of these osteogenetic precursors to bone-form- 
ing cells, the enzyme appears in the nucleoli and in the cytoplasm. At an osteo- 
blastic stage it also appears intercellularly in the osteoid matrix. 

4. Mesenchymal cells that have not differentiated in an osteogenetie direction 
are free of enzymatic activity in contrast to the mesenchymal osteogenie precursor 
cells. 

5. No enzymatie activity was noted during the condensation and differentia- 
tion of mesenchymal cells in a chondroecytice direetion until hypertrophy of chon- 
drocytes took place preparatory to ossification. 

6. Enzymatic activity was demonstrable in the ossifying anterior portion of 
Meckel’s cartilage but not in its non-ossifying portion. 

7. The preskeletal type of tissue, an intermediate between bone and cartilage, 
which may also be called secondary or hypertrophic cartilage, occurs in the ramus 
of the membranous bony mandible. This is a “neomorphie” product in the differen- 
tiation of rapidly proliferating osteogenetic or osteoblastic cells in a site of intra- 
membranous ossification. This is well demonstrated by our studies of alkaline 
phosphatase activity. 
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DISCUSSION 


TREATMENT OF GIANT-CeELL OF 


(Continued from page 904) 
argument, although the authors provide good evidence to show that it does. That it is not an 
effective method of treatment, however, seems to be demonstrated. It failed in all thirteen 
cases in which it was used as a primary method of treatment. It was used at some time in 
seventy-four of the 116 cases in combination with other treatment. The poor results in most 
cases and the complications resulting in others should discourage its use in all but those lesions 
situated in the flat bones and cancellous bones where no other type of therapy is possible. 

I am willing to advise curettage, after chemical cauterization and packing with bone 
chips, a8 a primary method of treatment for a giant-cell tumor presenting in a long bone which 
enters into the formation of a major articulation. The authors’ report indicates that success 
with curettage will be obtained in less than half of the cases, maybe about 40 per cent. 

If the tumor recurs, then I strongly favor complete resection and reconstruction of the 
extremity by bone graft, arthrodesis, and intermedullary-nail fixation. For all giant-cell tumors 
involving small bones I favor resection as a primary method of treatment where it can be 
carried out with little functional loss. If we are to improve our results in the treatment of 
giant-cell tumors, orthopaedic surgeons must develop a more aggressive attitude toward treat- 
ment. 

We have had one recurrence with metastasis in a giant-cell tumor that had been given 
three previous curettage treatments and then was followed by a resection. This tumor was at the 
lower end of the radius, and within a year there was recurrence in a small fragment of the 
distal end of the ulna that had been left in and also in the stump of the radius which still 
remained. In this case we did an amputation above the elbow, and, later, pulmonary metastasis 
developed. I am quite sure that im this case the recurrence was due to transplantation of tumor 
tissue at the time of the resection; the shell must have been broken into and tumor tissue 
transplanted on the instruments and remained. I think that this contingency must be borne 
in mind. This case certainly proved to my own satisfaction that we must be very careful to 
stuy outside tumor tissue and, if we do break in, we should take steps to change our instru- 
ments, to clean the area, and do all that we can to prevent the possibility of transplantation 
tissue. 


of tumor 
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Osteoid Osteoma of a Cervical Vertebra 
REPORT OF A CASE 


BY HERBERT C. FETT, SR., M.D., AND VINCENT P. RUSSO, M.D., 
BROOKLYN, NEW YORK 


From St. Charles Orthopaedic Hospital, Brooklyn 


Osteoid osteoma is a small, benign bone lesion, affecting a single bone and 
characterized by a specific clinical and reentgenographie pattern. The disease was 
named and established as an entity in 1935 by Jaffe *. The primary component or 
nidus is an oval structure, usually not more than one centimeter in diameter, 
which is composed of osteoid and atypical bone. The nidus is, classically, sur- 
rounded by a zone of dense reactive bone of varying width. 

Dull, aching pain, worse at night and frequently relieved by aspirin, and point 
tenderness over the lesion are important diagnostic features. Roentgenographie ex- 
amination revealed the nidus as a radiolucent, oval area surrounded by sclerosis. 
A variable degree of nidus calcification is occasionally noted *°. 

Osteoid osteoma has been found in almost every bone * except the skull. The 
number of reported cases exceeds 200. Recently, Sabanas and associates studied 
the natural history of this lesion in the spine. Its presence in this location is not 
rare; the literature contains reports of thirty-six cases. According to the authors, 
the laminae of the vertebrae are most often involved, although any portion of the 
posterior segment can be affected *°. 

However, osteoid osteoma rarely appears in a vertebral body primarily. 
Walker reported the case of a fourteen-year-old boy in whom a nidus was discov- 
ered in the body of the fifth cervieal vertebra. The pedicle was secondarily in- 
volved in that case. 

Benign osteoblastoma (giant osteoid osteoma) has a predilection for the 
spine, and has been observed in the vertebral body '. This lesion is distinguishable 
from osteoid osteoma by its larger size, roentgenographie appearance, and de- 
structive nature. 

The purpose of this report is to present a ease of osteoid osteoma in an un- 
usual site—the body of a cervical vertebra. 

E. D., a white boy, nine and a half years old, was admitted to St. Charles Hospital on 
November 20, 1957, because of pain on the left side of his neck, tenderness, and torticollis of 
four years’ duration. The pain was confined to the left upper cervical region and did not radi- 
ate. It was intermittent and dull, tending to become more severe in the late afternoon or 
evening. Relief could not be obtained by rest but salicylates were effective. Progressive 
spasm of the muscles of the neck with accompanying torticollis, generally poor posture, sag- 
ging of the shoulders, and dorsal round-back deformity were noticed by the parents. The 
past history was not contributory. 

The positive physical findings were as follows: The head was inclined to the left ap- 
proximately 20 degrees, and the active range of motion in all spheres was 50 per cent of nor- 
mal. The left sternocleidomastoid muscle was tense but there was neither apparent scoliosis 
nor palpable masses. Exquisite tenderness was present at the angle of the mandible in a well 
defined area about one inch in diameter. There was no local swelling, heat, or change in skin 
color; the cervical nodes were not enlarged. 

Although roentgenograms were made in several projections, the oblique tomogram proved 
to be of most value (Fig. 1). This demonstrated an area of mottled density, measuring one 
by one centimeter, in the inferior lateral portion of the third cervical body. There was a 
surrounding radiolucent zone and marked sclerosis of the adjacent bone. 

. Laboratory studies included complete blood count and determination of sedimentation 
rate, blood proteins, calcium, phosphorus, and alkaline phosphatase. All were within normal 
limits. 

Operation was performed seven days after admission. A transverse skin incision was 
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OSTEOID OSTEOMA OF A CERVICAL VERTEBRA 


Fic. 1 Fia. 2 


Fig. 1: Oblique tomogram of the cervical spine showing sclerosis of the vertebral body and 
the nidus surrounded by a radiolucent halo. 

Fig. 2: Oblique roentgenogram made by routine technique thirteen months postoperatively. 
Note bone regeneration. 


Fia. 3 


Photomicrograph (< 400). A representative field taken from the opera- 
tive specimen, demonstrating osteoid, irregular bone formation, and vari- 
able calcification. 


made in the anterior carotid triangle overlying the third cervical vertebra and the deep 
ei cervical fascia was opened longitudinally. Dissection was then directed to the interval be- 
a tween the neck viscera, medially, and the carotid sheath and sternocleidomastoid muscle, 
j laterally. An endotracheal tube which had been placed in the esophagus was helpful in dem- 


onstrating the exaet extent of the lateral wall of that structure. The periosteum was then 
reflected from the vertebral body; the uncovered bone appeared sclerotic. Approximately 
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one square centimeter of bone was removed after roentgenograms confirmed the location of 
the lesion. During curettage of the superficial bone, a small, vellow, granular and discrete 
body which proved to be the nidus was easily detached and taken as a specimen. Esophageal 
drainage and examination of the wall indicated that the viscus had not been inadvertently 
perforated and the operation was concluded by closure of the skin. 

The specimen removed consisted of a waxy, gray fragment, measuring 0.5 by 0.5 centi- 
meter, which microscopically demonstrated compact, irregular islands of poorly formed par- 
tially calcified osteoid tissue together with scattered multinucleated giant cells. The diag- 
nosis was nidus of osteoid osteoma (Fig. 3). 

The postoperative course was uncomplicated. The sutures were removed on the seventh 
day, and gentle neck stretching was begun by a physical therapist. The patient was dis- 
charged on the twenty-first day. 

When last seen in December 1958, thirteen months postoperatively, the child was com- 
pletely asymptomatic. Neck motion was still limited to 75 per cent of normal because of 
contracture of the sternocleidomastoid. A follow-up roentgenogram (Fig. 2) showed no re- 
currence, 
DISCUSSION 

This patient had the second reported case of osteoid osteoma in the body of 
a vertebra. The pain suggested osteoid osteoma but the physical examination was 
not specific except for localized “finger point’? tenderness. Torticollis probably 
developed in response to pain initially as the patient attempted to splint the left 
side. Contracture of the sternocleidomastoid muscle, due to the prolonged illness, 
is not surprising. The most important diagnostic clue was provided by the roent- 
genograms. Oblique and tomographic views of the neck revealed the lesion with 
clarity. Because of its central position, a direet approach to the lesion was neces- 
sary *. The nidus was accurately outlined and readily removed through an anterior 


apy roach. 
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Metaphyseal Chondrodysplasia of Jansen 


BY PETER B. GRAM, M.D., JOSEPH L. FLEMING, M.D., BOY FRAME, M.D., 
AND GERALD FINE, M.D., DETROIT, MICHIGAN 


From the Departments of Orthopaedic Surgery, General Medicine, 
and Pathology, Henry Ford Hospital, Detroit 


In 1934 Murk Jansen presented a most unusual ease of disturbed endochondral 
bone formation under the name metaphysdre dysostosis. His patient was a Ger- 
man boy born with bilateral club-foot in whom swelling in the joints gradually 
developed. He began to walk after the age of three and then only with the help of 
braces. At ten years of age he was twelve inches below normal height. Roentgeno- 
grams showed that the metaphyses were enlarged and were still cartilaginous. 
There were numerous spots of calcification and ossification scattered throughout 
the metaphyses. The diaphyses were thickened and some were curved; their ends 
were irregular and expanded. When the boy was five years old, his serum calcium 
was 16.6 milligrams per 100 cubie centimeters and when he was ten, it had fallen 
to thirteen milligrams per 100 cubie centimeters. Determinations of other constit- 
uents of the blood and urine were said to be within normal limits, but what these 
tests were is not reported. 

Jansen’s term metaphystre dysostosis (or metaphyseal dysostosis) has little 
to recommend it as a name for the disease, since it states in only the broadest 
term that a defect in bone formation is present. The abnormality is a persistence 
of epiphyseal cartilage and a defeet in the formation of endochondral bone. Meta- 
physeal chondrodysplasia of Jansen is therefore proposed as a more appropriate 
title. Although there are objections to the eponymy, in this rare disease it has the 
advantage of specifying one of a group of similar abnormalities. 

Jansen considered the cause of this disease to be abnormal intra-uterine pres- 
sure acting at a particular stage of fetal development. Fairbank classified the 
disease under congenita! developmental errors; in his opinion, Jansen’s was the only 
case reported in the literature up to 1951. Fairbank mentioned having seen two 
cases of widespread metaphyseal dysplasia similar, but not exactly comparable, 
to Jansen’s case. Cameron, Young, and Sissons, in 1954, reported what we believe 
to be an example of a metaphyseal chondrodysplasia in a seven-year-old Chinese 
boy. In this patient the serum caleium was 10.0 to 13.7 milligrams per 100 cubic 
centimeters; the serum inorganie phosphorus, 3.4 to 4.9 milligrams per 100 eubic 
centimeters; and the alkaline phosphatase, 16 to 20 King-Armstrong units per 100 
milliliters. Another ease was deseribed by Grabe of Heidelberg in 1931, but the 
diagnosis was not made until recently, when it was reported by Hohmann and 
associates, in 1957. Laboratory data were not given. Follow-up study showed that 
after twenty-six years the patient had remained a dwarf, with limited motion of all 
joints and, significantly, that the unealcified masses of cartilage had all become 
ossified although the metaphyses maintained their enlarged contours. Other reports 
of cases, which were termed metaphyseal dysostosis *1''* have appeared but, 
in our opinion, differ fundamentally from the condition under consideration. 

To the best of our knowledge, the patient reported here is the fourth case to 
be deseribed, and the first in the American literature. It is felt that many of these 
cases have been considered to be forms of Ollier’s disease and other anomalies. 
Our case resembles those of Jansen, Cameron and associates, Grabe '™, and, in ad- 
dition, presents interesting biochemical abnormalities. 


L. D. M. was born, at term, weighing six pounds and fifteen ounces, after an uncom- 
plicated pregnancy and delivery. The parents and three siblings were normal, and there was 
no family history of dwarfism or other skeletal abnormality. When the infant was two months 
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Fia. 1-A 
Similar 


Figs. 1-A and 1-B: Roentgenograms made when the patient was seven weeks old 


Fig. 1-A: Note the early appearance of dysplasia at the wrist and elbows. 


Fig. 1-B: Roentgenogram showing the symmetrical changes at the metaphyses. 
although not identical, changes are sometimes seen in infantile hyperparathyroidism. 


Fic. 2-B Fic. 2-C 


Fig. 2-A 
bigs 2-A 2-B, and 2-C: Patient at five vears of ige. 
lower extremities more severely than the upper ex- 


2-A: The dwarfism involves the 
child measured only 11.6 inches 


Fig. 
tremities,. 

Fig. 2-B: Side view showing the standing posture. The 
from pubis to heel. 
‘ig. 2-C: The characteristic swe lling of the me taphy ses produced a depression it the joint 
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metaphyses, the epiphyses being relatively normal. (The right lower extremity showed identical 


changes.) 
Fig. 4: Roentgenogram showing symmetrical metaphyseal involvement of the hips. The 
pelvis is severely involved. 


] 1G 5 


Fig. 5: Roentgenograms of the hands show that, characteristically, the chondrodysplasia is 
adjacent to the epiphyses and confined to the metaphyseal areas. There is retardation of 
ossification of the carpal bones. 


of age she was admitted to another hospital because of vomiting and loss of weight. It was 
evident, that a generalized skeletal defect was present, and pathological fracture of the femur 
Was suspected because of deformity. A skeletal survey revealed angulation of the long bones; 
decreased density of the metaphyses; cupping of the distal ends of the bones, which were of 
ragged appearance; and generalized osteoporosis, including the skull (Figs. 1-A and 1-B). The 
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epiphyseal cartilages were thickened and the ribs showed marked angulation and deformity. 
There was no evidence of pathological fracture. The diagnoses considered at this time were 
Morquio’s disease, combined rickets and scurvy, osteogenesis imperfecta, and renal rickets. No 
definite diagnosis was established. The available laboratory data did not include estimations of 
serum calcium, phosphorus, or alkaline phosphatase. On two occasions the Sulkowitch test 
showed a moderate amount of calcium present in the urine. 

The infant remained in the hospital for three months, during which time she was critically 
ill with repeated attacks of tracheobronchitis and otitis media. At five months of age she 
had regained her birth weight and was discharged from the hospital. She received supple- 
mentary vitamins during hospitalization and after discharge. After the infant was six months 


Fia. 6 


Roentgenogram of the elbows shows only mild involvement. 


Fic. 7 


Fig. 7: The pattern of metaphyseal chondrodysplasia in the feet is identical with that seen 
in the hands. The dysostosis is proximal in the first metatarsal and distal in the others. The 
tarsals are not involved, except for the caleaneal epiphysis. 
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of age her general health improved and she gained weight slowly. At one year she weighed 
eleven pounds; at two years, fifteen pounds; and at three, eighteen pounds. Her height in- 
creased from twenty inches at birth to thirty inches at three years. At four years of age het 
weight was twenty-two pounds and her standing height, twenty-eight inches (recumbent height, 
31.2 inches). She sat unaided at the age of two, but did not waik until she was three. She was 
talking by the time she was two years of age and was considered by her family to be of normal 
mentality. 

The child was first seen by us when she was five vears and four months old, after the 
family had moved to Detroit. The patient was a dwarf, with short. legs and relatively long 
arms (Figs. 2-A and 2-B). She measured twenty inches from head to pubis, and 11.6 inches 
from pubis to heels. The circumference of her chest was 16.4 inches and of her abdomen, 19.2 
inches. All of these measurements fell below the third percentile for her age. When she stood, 
her hips and knees were held in marked flexion although there was no actual flexion deformity. 
The lower extremities appeared to be bowed anteriorly owing to deformities of the meta- 
physes. Her gait was waddling and laborious; marked rotation of the pelvis and legs aecom- 
panied each step. Her patellae were dislocated laterally. All weight-bearing joints were stable 
and had a good range of motion. There were round, smooth, non-tender symmetrical enlarge- 
ments at the knee, so that a depression appeared at the joint line (Fig. 2-C). The skull was 
macrocephalic with hypoplastic facial bones. The fontanels were closed and the chin was 
receded. The eves were widely spaced and exophthalmic. The teeth were normal and did 
not show hypoplasia of the enamel. The cornea showed no calcium or cystine crystals, There 
were no masses in the neck. The chest was bell shaped, and no enlargement of the costochondral 
junctions was evident. The cardiorespiratory and neurovascular systems were normal on 
physical examination. The blood pressure was 100 systolic and 40 diastolic. A psychometric 
examination revealed an intelligence quotient of 75. There was moderate retardation of motor 
coordination. 


ROEN TGENOGRAPHIC ASPECTS 


In the long bones the epiphyses, although somewhat enlarged, were relatively normal in 
appearance, The diaphyses were short and broad with some coarsening of the trabecular pat- 


Fig. 8: This roentgenogram shows the spine to be normal. 

Fig. 9: Dysplasia is present at the vertebral ends of all the ribs. The calcific areas in the 
region of the twelfth ribs represent nephrocalcinosis. This was proved by an intravenous 
pyelogram. 
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Fic. 10 


The skull shows craniostenosis, loss of diploic bone, platy- 
basia, and macrocephaly. 


tern. For the most part, however, the diaphyses were not markedly abnormal. Osteoporosis 
or pseudofractures were not observed. 

The metaplivses of the long bones and of the bones of the hands and feet showed the 
following changes: 

1. Large, irregular, clear areas of uncalcified cartilage adjacent to the epiphyseal line and 
under the thin cortical margins of the expanded metaphyses; 

2. Patchy, irregular, denser areas representing calcified cartilage in the metaphyses; 

3. Areas of irregular ossification near the diaphysis; 

41. Wide and irregular epiphyseal lines with relatively normal epiphyses. 


BIOCHEMICAL ASPECTS 


Very interesting and unexpected biochemical changes were observed in this patient; per- 
sistent hypercalenemia, hypophosphataemia, a consistently elevated serum alkaline phos- 
phatase, and moderately increased urinary excretion of calcium and phosphorus, according to 
the criteria of Fanconi. In addition, the renal tubular reabsorption of phosphorus was de- 
creased, These changes in the caleitum and phosphorus determinations were identical with 
those found in hyperparathvroidism. 

The pH of the urine was repeatedly acid. Renal excretion, as judged by the intravenous 
pvelogram, was good. The phenolsulphonphthalein exeretion was 59 per cent in two hours. 
The urea clearance was slightly reduced (45 cubic centimeters per minute). The non-protein 
nitrogen was normal on three determinations, but on one occasion was somewhat elevated 
(50 milligrams per 100 cubie centimeters). The serum creatinine was consistently low-normal. 
The serum carbon dioxide was minimally depressed (21.7, 18.8, 21.1, 22.1—normal, 22-27 milli- 
equivalents per liter). The serum chlorides were high-normal (107 and 110 milliequivalents 
per liter). A urine culture showed numerous colonies of Staphylococcus aureus (coagulase 
positive) on two occasions. The urine was negative for tyrosine crystals. A twenty-four-hour 
urine specimen was negative for glucose. Twenty-four-hour alpha amino-acid nitrogen excre- 
tion was normal (22.5 milligrams). 

The serum vitamin A was normal (39 and 30 micrograms per liter). The serum carotenes 
were 65.4 and 100 (normal, 100-300 micrograms per 100 cubic centimeters). The plasma ascorbic 
acid was 0.75 and 0.85 microgram per 100 cubic centimeters (normal, 0.7-1.5). The glucose 
tolerance curve was flat (127 micrograms per 100 cubie centimeters fasting, 118 in 30 minutes, 
80 in 90 minutes). 

All other laboratory determinations—Wassermann, serum sodium and potassium, cephalin 
flocculation, bromsulphalein, and cholesterol—were within normal limits. There was moderate 
hypochromic anaemia. The twenty-four-hour output of 17-ketosteroids was 1.04 milligrams and 
of hydroxysteroids, 5.7 milligrams. These were considered normal for a child of this age. 
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TABLE I 


Tue DisturBaNnce or CatciuM AND PHospHorts JANUARY 1957 To ApriL 1958 


Phosphorus 
Tubular 
Serum Serum Alkaline Reabsorption 

Calcium Phosphorus Phosphatase 24-Hour Urine  24-Hour Urine Test 

Mq./100 Bodansky Units Calcium Phosphorus Per Cent 

(Normal: (Normal: (Normal: Mg./kg./day Mq./kq./day (Normal: 

9 to 11) 1 to 6) 5 to 12) (Normal: 6.7) (Normal: 14) 85 to 90) 


22 28.2 49 453 53 
49 mg./kg.* 453 mg./kg.* 
246 113 
113 mg./kg.* 
7A 


109 246 
10.9 mg./kg.* 24.6 mg./kg.* 
IS.\S SO IS9 
8.0 mg./kg 18.9 mg./kg.* 


*Fanconi stated that the calcium to phosphorus ratio should be 1:2. Our patient showed 
ratios of 1:4, 1:2.5, and 1:2.2. 


PATHOLOGY 

A biopsy of the distal femoral metaphysis and epiphyseal line showed thin fascia over- 
lving a thickened periosteum. The cortex was very thm. A specimen was removed which 
appeared cartilaginous and soft. The peripheral margin was partially covered by a thin laver 
of bone and partially by fibrous tissue, poor in cells. 

The main portion of the specimen was mature hyaline cartilage with uniform cells lying 
singly in separate lacunae. The cells had no oriented pattern except at the periphery where 
there was grouping of cells in parallel alignment. There were seattered small areas of calcifica- 
tion and ossification. The surface of the marginal cartilage was irregular and endochondral 
ossification was irregular. The over-all appearance resembled that of an epiphyseal cartilage 
with its adjoining center of ossification (Fig. 11). 


COURSE 


Our original investigation was carried out in January 1957. Leg braces did not appreciably 
help the child. One episode of flank pain occurred, but no stone was passed. 

In April 1958 the patient was reinvestigated. Essentially the same clinical, roentgenological, 
and biochemical findings prevailed. A parathyro‘d exploration was carried out because of the 
biochemical indications of hyperparathvroidism. Four normal parathvroids were present and 
there was no adenoma. The mediastinum was not explored. 

The hypercaleaemia contra-indicated the use of large doses of vitamin D. Empirically, 
the child was given oral phosphorus feedings * in an effort to correct the hypophosphataemia 
For several months this treatment was followed without objective evidence of improvement 


DISCUSSION 


The presence of disturbances in the growth and development of bones, accom- 
panied by abnormalities in the serum content of ealcium, phosphorus, and alkaline 
phosphatase stimulated us to study this patient more thoroughly from the meta- 
bolic point of view and to report our findings. In children, only a few diseases are 
charaeterized by generalized skeletal abnormalities accompanied by well defined 
metabolic defeets. Hyperparathyroidism! presents a roentgenographie picture 
similar to that recorded in this case when the patient was seven weeks old. The 
hyperealeaemia, hypophosphataemia, hyperphosphatasaemia, and impaired tubu- 
lar reabsorption of phosphorus associated with nephrocalecinosis are common to 
both conditions. However, findings in the skeleton, which are not seen in hyper- 
parathyroidism, later appeared in our patient. The findings are: irregularities in 

* Disodium acid phosphate, 98 grams, and monosodium and phosphate, 28.7 grams to 


make two liters. The dosage was 10 cubie centimeters three times a day, gradually ineress- 
ing to the limit of tolerance (diarrhoea). 
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Biopsy specimen, X 25 (see text). 


the ossification of the epiphyseal cartilage; normal density of the diaphyses in 
roentgenograms; and marked disturbance of epiphyseal growth. Surgical explora- 
tion of the parathyroid glands revealed no detectable abnormality. For these rea- 
sons, this case cannot be considered one of hyperparathyroidism. 

The presence of renal involvement in this case raises the problem of whether 


the changes in the skeleton may have been secondary to disease of the kidney. Or- 
dinary, secondary hyperparathyroidism of renal origin is generally accompanied by 
hypocaleaemia or by normal serum calcium, whereas the serum phosphorus gen- 
erally is elevated. However, it is not possible, at the time of writing, to determine 
unequivocally whether the renal or the skeletal lesion, in this case, is primary. It 
seems probable, however, that the continued hyperealeaemia will further damage 
the kidneys and may result in renal acidosis and progressive renal failure. 
The other diseases in which changes in the serum are combined with general- 
ized skeletal abnormalities also do not fit the case in question. Hypervitaminosis 
DD, sufficient to cause hypercaleaemia. was ruled out by the negative history. 
Vitamin-D-resistant rickets, more correctly called phosphatie diabetes (Dent’s 
Type IT renal tubular rickets) resembles this entity in having a low serum phos- 
phorus and low renal tubular reabsorption of phosphorus, but is ruled out by the 
elevated serum calcium and the inconsistent pathological and roentgenographie 
findings. Renal tubular acidosis similarly does not show the skeletal findings 
reported in this case. The syndrome of Fanconi was ruled out by the absence of 
glucosuria and amino-aciduria. Numerous abnormalities of the skeleton bear a 
superficial resemblance roentgenologically to this condition in one way or an- 
other '®, Ollier’s disease, chondrodystrophia caleifieans congenita, and hereditary 
metaphyseal dysplasia * all show skeletal findings at some variance with those 
reported here and, in addition, do not manifest any metabolic abnormalities similar 


to those shown by this patient. 

Hypophosphatasia *'? may show metaphyseal changes similar to those seen in 
this patient and may also show hyperealeaemia in addition to the hypophosphata- 
sia. In this entity, however, the pathological finding of osteoid is distinctive, and 
the persistently decreased alkaline phosphatase should differentiate it absolutely 
from the entity under discussion. Clinieal differences in all of the diseases men- 
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tioned are profound and need not be discussed at length here. 

There is no ready explanation for the biochemical abnormalities noted in the 
‘ase presented. It seems a reasonable possibility that the hyperealeaemia may have 
resulted in some unknown way from the active metaphyseal disease. Currarino 
suggested that the hyperealeaemia of hypophosphatasia might be due to failure of 
normal calcium deposition. Hyperealeaemia itself could then cause nephrocaleino- 
sis which in turn may have resulted in the renal tubular defect. However, 
renal defects, other than that of reduced tubular reabsorption of phosphorus lead- 
ing to hypophosphataemia, were not seen in this case. 

The explanation just given would suggest that the renal alteration stemmed 
originally from the bone disease, certainly an unusual situation. This concept is 
impossible to prove from the existing data. An alternative theory would involve 
postulating the presence of an undefined metabolic disorder that gave rise to both 
metaphyseal and biochemical changes. Careful study of future eases may help to 
elucidate the pathogenesis of this rare disease. 


SUMMARY 


1. A case is described for which the name metaphyseal chondrodysplasia of 


Jansen is suggested. 

2. Biochemical changes were found simulating those caused by hyperpara- 
thyroidism, but different and distinctive roentgenographic findings were also evi- 
dent. Parathyroid exploration was negative for hyperplasia or adenoma. 

3. It is postulated that the metabolic changes—hypercaleaemia and hypo- 
phosphataemia—may have been secondary to the underlying bone defect. 
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Spontaneous Regression of Reticulum-Cell 
Sarcoma of Bone 


A Case Report 


BY ROBERT L. COLE, M.D., AND M, RICHARD FERGUSON, M.D., 
LOS ANGELES, CALIFORNIA 


From the Orthopaedic Hospital, Los Angeles 


Since the classie report by Parker and Jackson in 1939, the clinical 4°61!" 
roentgenographie '’, and histological ® features of reticulum-cell sarcoma of bone 
have been presented in detail. Several series °°"! and individual case reports il- 


lustrating cures ov specific therapy 7 have appeared in the literature within recent 
years. A review of the world literature collecting 154 cases was published in 1957 


by sSchobinger von schowingen 


Fic. 1 

Fig. 1: Roentgenograms of the entire right tibia and fibula made November 1, 1951, approxi- 
mately two weeks after the onset of symptoms, revealed a destructive lesion of the distal 
portion of the fibula characterized by cortical destruction and patchy destruction of the 
trabecular markings of the medullary canal of the involved bone. Periosteal and subperiosteal 
reaction and ossification with lamination along the lateral cortex and a small Codman’s triangle 
along the medial cortex were also noted, as well as overlying soft-tissue thickening along the 
lateral aspect of the fibula 

Fig. 2: Roentgenogram of the chest made November 1, 1951, revealed that the lungs were 
normal. 


The purpose of this report is to present a ease of primary reticulum-cell sar- 
coma of bone, proved by biopsy, which is unique in several respects. The patient, 
a five-year-old boy, is younger than any found reported in the literature. The 
youngest patient previously reported was an eight-year-old child in the series of 
Valls, Museolo, and Sehajowiez. This is also the only reported case of reticulum- 
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Fig. 3: Roentgenogram of the entire 
right tibia and fibula made January 
24, 1952, seven weeks after biopsy re- 
vealed evidence of surgical resection 
of the shaft of the distal portion of 
the fibula, sparing the distal epiphysis 
The shaft of the fibula, proximal to 
the excised portion, showed evidence 
of internal erosion of the cortex and 
mottled rarefactions in the medullary 
canal—findings consistent with tumor 
involvement. 

Fig. 4: Roentgenogram of the chest 
made January 25, 1952, revealed mul- 
tiple small areas of infiltration scat- 
tered throughout the bases of both 
lung fields with two or three larger 
rounded areas of infiltration approxi- 
mately one centimeter in diameter 
findings consistent with a metastatic 
mahgnant lesion 

Fig. 5: Roentgenogram of the chest 
made March 17, 1952, approximately 
two months after Figure 4, revealed 
that the previously noted rounded : 3-/7- §: 
areas of increased density scattered 
throughout both lung fields had com- 
pletely disappeared 


Fia. 5 


cell sarcoma, with or without. metastasis, which regressed spontaneously. Of re- 
ported cases, similar in location and histological appearance, which have regressed, 
particularly Case 5 of Magnus and Wood's series, Case 7 of Sherman and Snyder's 
report, and the case of sarcoma reported by Christian and Palmer, all had some 
form of therapy before regression. 


R. J., a five-vear-old Caucasian boy, was first seen at the Orthopaedic Hospital on No- 
vember 1, 1951, complaining of pain and swelling of the outer aspect of the right leg. History 
revealed that the patient had struck his right leg approximately one month before while 
playing. He complained of pain only temporarily at that time and there was no noted swell- 
ing or discoloration. However, for two weeks prior to admission. the boy had complained of 
intermittent pain in the right leg; some six days preceding admission the mother had noted 
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Fic. 6 Fic. 7 
Fig. 6: Roentgenograms of the right tibia and fibula made May 16, 1957, revealed the ab- 
sence of the distal half of the right fibula with intact distal fibular metaphysis and epiphysis. 
The remaining fibula revealed normal bone density without evidence of neoplasm. 
Fig. 7: Roentgenogram of the chest made May 16, 1957, revealed no positive findings. 


swelling about the painful area without increased heat but with slight pinkness on one oc- 
casion. It was further stated that the patient did not complain of pain on weight-bearing, 
but would not let anyone touch the leg because of pain. The past history revealed no serious 
illness, injuries, or operations. 

Initial examination on admission revealed a well developed, not acutely ill five-year-old 
boy with normal gait. Positive findings were limited to the right lower extremity where 
there was a firm swelling about the distal third of the fibula with some overlying skin warmth. 
There were no palpable lymph nodes in the groin or popliteal fossa on the right. The ankle 
joint adjacent to the swelling was not swollen or painful to movement. 

Roentgenograms of the right leg made the same day (Fig. 1) showed a destructive le- 
sion originating just proximal to the distal epiphysis of the fibula and extending upward for 
four and one-half inches, with patchy destruction of cortex and medullary canal and a Cod- 
man’s triangle along the medial cortex. A roentgenogram of the chest (Fig. 2) made at that 
time revealed the lung fields to be clear. 

The white blood count was 12,800 with 54 per cent polymorphonuclear neutrophils, 42 
per cent lymphoeyvtes, and 4 per cent eosinophils. The red blood count was 4.390.000. and 
the hemoglobin, 78 per cent. The sedimentation rate (Cutler) was 18 millimeters in one hour. 
Serum caleium (one determination) was 14 milligrams per 100 cubie centimeters, serum 
phosphorus was 4.1 milligrams per 100 cubie centimeters, and the alkaline phosphatase was 
10.6 King-Armstrong units. 

A working diagnosis was made at that time of a destructive lesion of the distal half of 
the right fibula consistent with Ewing's endothelioma, osteogenic sarcoma, or osteomyelitis. 

On December 6, 1951, a biopsy was done which consisted in resection of the distal half 
of the diaphysis of the right fibula. At surgery, gravish tumor tissue was found which had 
infiltrated beyond the bone into the soft tissue about the lower end of the fibula. The cortex 
was almost completely destroyed, being replaced with necrotic gray material. The distal half 
of the fibula to the epiphyseal plate was resected with the attached soft tissue. However, be- 
cause of the malignant appearance of the tumor and the working diagnosis, the procedure was 
confined to biopsy. No attempt was made to remove all evident tumor tissue, some of 
which was noted to remain in situ at the time of closing the wound. Surgical margin patholog- 
ical studies were not attempted. 

The biopsy report. of Dr. Rov Hammack of Los Angeles, now deceased, noted that this 
was a very cellular tumor, the cells being round or oval with scanty, pale-staining cytoplasm 
and large, round or oval, vesiculating nuclei. Mitoses were found in moderate number. Sup- 
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Fia. 8-A 
Photomicrograph of the biopsy material showing the marked cellularity of the 
tumor and the infiltration of the soft tissue by the tumor (hematoxylin and eosin, 


Fic. 8-B 
Photomicrograph of the biopsy material showing the characteristic round or oval 
reticulum cells with scanty, pale-staining cytoplasm and large, round or oval, in- 
dented or lobulated, nuclei with prominent nucleoli. The chromatin is coarse, Hyper- 
chromatism is demonstrated in numerous cells (x 1,000). 


porting connective-tissue strands contained blood vessels and occasionally the cells formed a 
radial arrangement about the strands. An oceasional blood-vessel wall appeared to be in- 
vaded by tumor. In some areas, muscle fibers were enclosed by tumor tissue. Areas of ne- 
crosis were frequent. The diagnosis was reticulum-cell sarcoma of the fibula and adjacent 
tissues, 

The postoperative course was uneventful and the patient was discharged from the hos- 
pital on December 18, 1951, one week following surgery. 


On December 20, 1951, two weeks postoperatively, the sutures were removed from the 
healed wound and it was recommended that the patient have roentgen therapy directed to 
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the right distal fibular area. The parents decided to take the boy to the Mayo Clinic for 
evaluation. On January 9, 1952, a letter was received from the Mayo Clinic with the diagnosis 
of Grade IV, malignant, small-cell neoplasm, probably atypical Ewing’s tumor since the cells 
were larger than in typical Ewing’s tumor. The working diagnosis was changed to Ewing’s 
sarcoma and subsequent recommendations for therapy were based upon that diagnosis. 

The patient returned to this hospital on January 24, 1952, asymptomatic except for 
minimal discomfort about the operative site. No positive clinical findings were noted. Roent- 
genograms of the right leg (Fig. 3) were made revealing the surgical resection of the distal 
shaft of the fibula which spared the epiphysis but included the original tumor area. The 
shaft of the fibula, proximal to the excised portion, showed evidence of internal erosion of 
cortex and mottled rarefactions in the medullary canal, findings consistent with tumor in- 
volvement. At that time, white blood count was 8,800 with 40 per cent polymorphonuclear 
neutrophils, 50 per cent lymphocytes, 4 per cent transitional cells, 4 per cent eosinophils, and 
2 per cent basophils. Red blood count was 4,700,000. Hemoglobin was 80 per cent. 

A roentgenogram of the chest was made (Fig. 4) the following day which revealed mul- 
tiple, small to medium sized rounded areas of infiltration scattered throughout the bases 
of both lung fields. Because of their bilateral homogeneous appearance, embolic lesions were 
considered most probable. Since there were no signs of infection, the lesions were thought 
to be other than septic in origin. Multiple infarcts might have been considered but the 
roundness of the infiltrates was atypical. The lack of pleural effusion would further militate 
against such a diagnosis. 

Because of the lack of pulmonary svmptoms and the diagnosis of Ewing's sarcoma, the 
roentgenologist interpreted the findings as consistent with metastatic malignant disease. 

Palliative therapy was recommended since the diagnosis of Ewing’s sarcoma was accepted 
and it was thought that local as well as metastatic pulmonary spread had already occurred. 
In order to prevent a large painful tumor during the terminal stages, resection of the remain- 
ing right fibula was recommended and roentgen therapy prior to surgery was suggested. The 
roentgenologist did not feel that roentgen therapy in the presence of pulmonary metastases 
would alter the clinical situation. Accordingly, roentgen therapy was not given. The local 
palliative surgery was not carried out and it was decided to continue conservative treatment 
only. 

The patient was next seen on February 14, 1952, two months postoperatively, with a 
complaint of some local tenderness in the area of the sear. Objective findings were minimal 
ind no therapy was imstituted, 

On Mareh 17, 1952, three months postoperatively, the boy was seen with an upper res- 
pirstory condition of approximately four days’ duration. History revealed that it seemed to 
settle in the chest and cause a non-productive cough. A roentgenogram of the chest. (Fig. 5) 
was made which revealed that the multiple infiltrates found in the previous roentgenograr 
of the chest had completely disappeared. The patient was then treated conservatively at 
that time and the cough disappeared in approximately two weeks. 

\t exsminsation four months postoperatively there was no clinical evidence of local 
recurrence. Roenigenograms of the leg made then revealed that the distal end of the remain- 
ing upper fragment of the fibula had approached the normal, 

During the remaimder of 1952 the patient’s general health remained excellent and there 
was no clinical evidence of tumor recurrence. Periodic roentgenograms of the right leg made 
during that vear revealed, by ten months postoperatively, that the bone structure of the 
tibia and vremaming fibula was normal. Similarly, frequent roentgenograms of the chest failed 
fo reveal any recurrence of the pulmonary findings. At that time, the case was reviewed 
and the working diagnosis was changed to reticulum-cell sarcoma with regression of local 
and metastatie disease 

The patient has been followed at vearly intervals with physical examinations and roent- 
genograms of the right leg and chest. He was last seen in February 1958, six years postopera- 
tively, at which time a complete skeletal survey was performed in addition to physical ex- 
amination. His health has remained good and he has remained free of recurrence of the 
original reticulum-cell sarcoma of the distal portion of the right fibula, clinically and roent- 
genographically (Figs. 6 and 7). 

Photomicrographs of the biopsy material (Figs. 8-A and 8-B) demonstrate the char- 
acteristic cellularity, alveolar arrangement of the cells, and the round or oval reticulum 
cells with scanty, pale-staining cevtoplasm and large, round or oval, indented or lobulated. 
nuclei with prominent nucleoli and coarse chromatin. 

In 1957, more than five years after the biopsy was reported and because of the benign 
course, the original slide and new slides made from the biopsy were reviewed by Dr. J. Vernon 
Luck and Dr. Weldon K. Bullock of the Orthopaedic Hospital, Los Angeles, and by Dr. 
Fred W. Stewart of the New York Memorial Hospital. All confirmed the diagnosis of reti- 
culum-cell sarcoma of bone. 


This is the youngest patient reported with primary reticulum-cell sarcoma of 
bone, proved by biopsy. Coin-shaped pulmonary lesions, compatible with met- 
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astatic malignant disease, were seen roentgenographically ; spontaneous regres- 
sion of the fibular neoplasm and disappearance of the changes in the chest followed. 
The patient is alive and free of evidence of disease six years following surgery. 

We do not claim that pulmonary metastases existed but rather that there was 
a roentgenographie picture compatible with metastases. Admittedly, no biopsy 
was performed of the pulmonary lesions. Furthermore, we realize that recurrence 
with rapid spread of metastases has been reported after five to ten years of appar- 
ent freedom from disease. In view of this possibility yearly examinations are being 
made. 

By reporting this case, we are not implying that the therapy deseribed in 
the previously mentioned similar cases 27! was not effective; we feel that spon- 
taneous regression of this neoplasm does occur, perhaps due to some natural body 
defense, not yet demonstrable 4, against tumor growth. 

REFERENCES 

Cuan Szeru and Hsien:Primary Reticulum Cell Sarcoma of Bone. Report 
of Two Cases with Bone Regeneration Following Roentgentherapy. Ann. Surg., 115: 
280-291, 1942. 

. Curistian, 8. L., and Parmer, L. A.: An Apparent Recovery from Multiple Sarcoma. With 
Involvement of Both Bone and Soft Part Treated by the Toxins of Erysipelas and Bacillus 
Prodigiosus (Coley). Am. J. Surg., 4: 188-197, 1928. 

. Cottey, B. L.: Neoplasms of Bone and Related Conditions. Their Etiology, Pathogenesis, 
Diagnosis, and Treatment. New York, Paul B. Hoeber, Inc., 1949. 

4. EprroriaL. Spontaneous Regression of Cancer. Cancer Bull., 7: 105-106, 1955. 
5. Francis, K. C.; Hicinsornam, N. L.; and Corey, B. L.: Primary Reticulum Cell Sarcoma 
of Bone. Report of Forty-four Cases. Surg., Gynec., and Obstet., 99: 142-146, 1954. 

. Ivens, J. C., and Danurn, D. C.: Reticulum-Cell Sarcoma of Bone. J. Bone and Joint 
Surg., 35-A: 835-842, Oct. 1953. 

. Maenus, H. A., and Woop, H. L.-C.: Primary Reticulo-Sarcoma of Bone. J. Bone and 
Joint Surg., 38-B: 258-278, Feb. 1956. 

. Parker, Frepertic, Jr., and Jackson, Henry, Jr.: Primary Reticulum Cell Sarcoma of Bone 
Surg., Gynec., and Obstet., 68: 45-53, 1939. 

. SCHOBINGER VON SCHOWINGEN, Rosert: Primary Reticulum Cell Sarcoma of Bone. Am 
J. Surg., 93: 41-49, 1957. ; 

. SHERMAN, R.S., and Sxyper, R. E.: The Roentgen Appearance of Primary Reticulum Cell 
Sarcoma of Bone, Am. J. Roentgenol... 58: 291-306, 1947. 

11. Vauus, José; Muscoto, Domingo; and Scuasowicz Frirz: Reticulum-Cell Sarcoma of Bone. 
J. Bone and Joint Surg., 34-B: 588-598, Nov. 1952. 


Orthopaedic Research and Education Foundation 


EDITORIAL 

Last year a nationally syndicated newspaper columnist devoted an entire 
column to a critical attack on the numerous public appeals for funds to support 
research and educational work on behalf of almost every disease and ailment 
known to man. The author stated that the publie was getting sick and tired of so 
many solicitations of this kind and broadly hinted that some of these were rackets. 
Perhaps many doctors themselves, appalled by the stream of appeals that flow 
through the mails, the press, radio, and television channels, may share these senti- 
ments. 
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One statement, however, was particularly disturbing. The author severely 
criticized the doctors for not giving more financial aid to the researeh and develop- 
ment work of their own profession. He implied that the medieal profession was 
relying far too much on the publie to finance work which the profession itself 
should be supporting. 

As members of the profession our first inclination might be to rise in indigna- 
tion to deny this accusation, but on more mature reflection it might be best for us 
first to look at our own branch of mediceine—orthopaedies—to see if our house is 
in order, Can we “point with pride” to what has been done or should we “view with 
alarm” what has not been done? 

Unquestionably, many orthopaedic surgeons have given countless hours of 
time and extremely liberal sums of money to research in their own institutions. It 
is to their particular credit that this has been done. It is also to our credit that in 
1955 the two major orthopaedic societies joined hands to organize the Orthopaedic 
Research and Education Foundation dedicated to the advancement of knowledge 
in our special field; this was a most significant forward step. 

As important as the organization of the Foundation is the fact that 97 per 
cent of the more than 500 contributors to the Foundation have been orthopaedic 
surgeons themselves and in the first three years of the Foundation’s existence, 
nearly $200,000.00 has been pledged and over $115,000.00 in cash has been re- 
ceived. With these funds thirty-four grants have been made in seventeen states, 
totaling approximately $80,000.00. Some of the research projects so financed have 
been completed and the results published. They comprise important contributions 
to medical knowledge. 

Of this beginning, the orthopaedic profession can surely be proud. The funds 
have been raised without fanfare or publicity and without appealing to the public. 
It is the result of the efforts of a group of professional people who have been trying 
quietly to fulfill the responsibilities of their calling. 

However, if the Foundation is to fulfill its purposes, developing comprehensive 
and sound programs in research and education, it must not only increase the 
number of research grants, but also improve, by means of grants, the orthopaedic 
educational programs in our medical schools. To do this the Trustees of the Foun- 
dation have set a minimum goal of $100,000.00 for the coming vear and have laid 
plans to approach selected foundations and corporations with an interest in our 
specialty, in addition to the orthopaedic surgeons themselves. The success of this 
expanded and much-needed fund-raising activity inevitably depends on the active 
interest of the orthopaedic profession itself. At present less than one-fifth of the 
profession in the United States has contributed to the Foundation. It is imperative 
and only right that the Foundation should go forward with increased support from 
those whose life work is in orthopaedies. 

Today we hear much of the need for good publie relations. Good publie rela- 
tions means “earned recognition,” with emphasis on the word earned. In the Foun- 
dation, the orthopaedic profession has the finest public relations weapon it could 
possibly find. Untold time and service have been spent to develop it. But unless 
orthopaedists themselves support their own creation, the work of the last few years 
will have been in vain. 

On the other side of the public relations coin is the need to tell people about 
the good works already accomplished. Perhaps the Foundation has not adequately 
publicized its work within the specialty but be that as it may; action, both by the 
Foundation and by individual orthopaedie surgeons, is needed now or the “light 
may go out.” 

The Board of Trustees of the 
Orthopaedic Research and Education 
Foundation 
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Proceedings 
LANKENAU HOSPITAL ANNUAL RESEARCH CONFERENCE 
October 30 and 31, 1958 


Bone As a Tissue was selected as the subject for discussion at the Annual Research Con- 
ference at the Lankenau Hospital, Philadelphia, October 30 and 31, 1958, because of its wide 
application to many fields of medicine. It was considered appropriate to review this field at 
this time in view of the recent significant advances in this area, which no doubt will markedly 
influence future trends in bone research. 

More than 400 physicians and research workers from different areas of the United States 
attended this two-day conference in which sixteen invited speakers, among them six of the 
leading European workers, discussed the different aspects of bone growth and development. 


The First Session was devoted to osteoporosis: 

H. A. Sissons, M.D., Department of Pathology, Institute of Orthopaedics, London, Eng- 
land, discussed osteoporosis of Cushing’s syndrome, describing the structural bone changes 
in Cushing’s syndrome and comparing them with the effects of cortisone administration in 
experimental animals. The speaker’s evidence from fourteen autopsy cases supported the 
earlier concept that in Cushing’s syndrome there is a diminution of osteoblastic activity and 
absence of any obvious exaggeration of osteoclasis. Furthermore, his evidence suggested that in 
Cushing’s syndrome the bones fail to respond to fractures in a normal manner. 

Following this, H. A. Sissons discussed the general question of the recognition and 
assessment of the cellular processes responsible for the maintenance of normal bone structure 
and for the development of various forms of bone rarefaction. He outlined his ideas on the 
quantitative aspects of osteoblastic and osteoclastic activity as a morphological approach to 
the problems of bone turnover, based on the determination of the areas of the bone surface 
occupied by bone formation and bone destruction and the measurement of the rates of linear 
bone formation and destruction. 


M. R. Urist, M.D., Division of Orthopaedics, Department of Surgery, Medical Center, 
University of California, reported on his observations bearing on the problem of osteoporosis, 
presenting a summary of clinical and laboratory studies of cases with fractures that required 
orthopaedic measures, as well as cases that were undiagnosed and asymptomatic, in an attempt 
to outline the broad scope of the problem of osteoporosis. He concluded that the principal 
etiological factor in the pathogenesis of osteoporosis is not known and that there is no corre- 
lation between dietary intake of calcium and osteoporosis. He focused attention on the pos- 
sible relationship between osteoporosis and gastro-intestinal ulcers and discussed the evidence 
for and against the endocrine theory pointing out that the great majority of patients with 
osteoporosis have no specific endocrine disease. Preparations of undecalcified cortical bone, 
examined in cross-section by histological, microradiographic, and micro-autoradiographic tech- 
niques showed that in osteoporosis the bone resorption phase of Haversian remodeling ap- 
peared to have greatly accelerated and that the bone reconstruction phase was active but not 
sufficient to replace the loss of bone mass. Bone resorption in osteoporosis occurs almost en- 
tirely without the action of osteoclasts. He emphasized that osteoporosis of the spine and hips 
is becoming increasingly common on all orihopaedic services and should receive a propor- 
tionately greater amount of attention from orthopaedic surgeons. This disorder is largely 
responsible for the unalterable 30 per cent incidence of non-union in fractures of the hip, not 
because of inability of the bones to heal, but because osteoporosis causes crumbling of the 
fracture surfaces. For this reason, it is technically impossible to achieve good contact and 
internal fixation by metallic appliances in many cases. He recommended an examination of 
lateral roentgenograms of the spine in order to determine the presence or absence of osieo- 
porosis and to avoid ineffectual methods of metallic internal fixation in many patients with 
fractured hips. 


B. E. C. Norvix, M.D., Department of Medicine, University of Glasgow, Scotland, sug- 
gested that. osteoporosis is the result rather than the cause of negative calcium balance. His 
argument rested upon the following points: 

1. Calcium deficiency produces osteoporosis in animals; 

2. In a majority of a series of patients with clinical osteoporosis, evidence was obtained of 
low calcium intake, malabsorption, or hypercaleuria ; 

3. The calcium accretion rate in a small number of patients was normal; 

4. Most patients with osteoporosis can be brought into positive balance simply by feeding 
them calcium ; 
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5. In the majority of patients, backache can be relieved or cured simply by feeding them 
calcium supplements; 
6. There are theoretical grounds for believing that calcium deficiency will lead to osteo- 


POrosis 
7. It is known that some individuals are consuming very little caleium, and it is very 
possible that a proportion of these are in negative caleium balance; 
8. It is probable that since 99 per cent of body calcium is in the skeleton, a reduction in 
skeletal mass would be due to mineral, rather than protein, deficiency. 


G. Donato Wievon, M.D... Metabolic Disease Branch, National Institute of Arthritis and 
Metabolic Diseases, National Institutes of Health, reported on his comprehensive studies on 
the role of atrophy of disuse in the development of osteoporosis. He concluded from studies 
of the effects of disuse or immobilization in normal subjects, that the caleium losses which 
have been observed would, if continued, be expected to lead to the acute development of 
osteoporosis. In studies of paralytic poliomyelitis involving more complete immobilization, 
greater calcium losses were noted with the development of osteoporosis which was quantita- 
tively related to calcium loss. The relationship of these greater calcium losses to disuse has 
raised questions as to the presence and importance of direct neural influences on bone. The 
paucity of our knowledge concerning disuse atrophy of bone. 


speaker emphasized the 


In the discussions which followed these papers, Epwarp C. Reirenstr:ix, M.D., The Squibb 
Institute for Medical Research, New Brunswick, New Jersey, outlined his hormonal theory of 
osteoporosis, emphasizing the antianabolic concept. 

Dr. Urisr stated that there are factors other than estrogen, androgen, and compound F in 
the blood that are responsible for osteoporosis, factors which he termed antius/eoporosis fac- 
tors. He pointed out that the Reifenstein-Albright hypothesis of 1956 is unproved but that 
the bulk of evidence would probably be in favor of it. He voiced the need for a suitable labora- 
tory animal in which osteoporosis can be produced and felt that the final solution of this prob- 
lem must come from such animal experimentation. 

Dr. Nordin stated, in response to a question, that the key to his concept of calcium de- 
ficiency as the cause of Osteoporosis 1s that osteoporosis occurs in persons who fail to adjust 
to a low calcium intake. Because of the abuncance of calcium in the skeleton, this process of a 
negative calcium balance will require twenty or thirty years to produce roentgenographie 


changes im the skeletons 

Dr. Urist pointed out, in contrast to this, that he found osteoporosis in persons who were 
tuking over 800 milligrams of calcium a day. He pointed out that one of the essential points of 
difference between his views and those of Dr. Nordin was that he did not think, by placing an 
anomal on a low caleium diet, one can produce what is seen clinically and is identified as osteo- 
porosis. It was Dr. Urist’s opinion that the low calcium diet produced what Aub and his group 
described as resorption of the readily available caleium deposits. What happens im man is 
something different. He considers osteoporosis to be a disease which affects not cancellous 
hone indiscriminately anywhere but primarily cortical-bone formation. He felt that a definite 
diagnosis of oste Oporosis should be made only on the basis of a biopsy of cortical bone. 


The Second Session, under the chairmanship of Cyr L. Comar, Pu.D., Laboratory of 
Radiation Biology, Cornell University, Ithaca, New York, was devoted to the Dynamics of 
Calcium Metabolism: 

The first speaker, Witniam FL Newman, Pa.D., Department of Pharmacology and Bio- 
chemistry, University of Rochester, New York, discussed the chemical dynamics of bone min- 
eral. He pointed out that although the structure of the bone mineral is fairly well understood, 
there remain several very important unresolved problems. The exact nature of the carbonate 
in bone is unknown. The mechanism by which new crystals are formed in bone and cartilage 
is not understood. He noted that perhaps the most promising development in this area is the 
discovery that collagen fibers can nucleate erystal formation at concentrations below the point 
of spontaneous precipitation, There is a considerable body of evidence which indicates that 
the degree of mineralization increases with the age of the skeletal unit, but it is not vet estab- 
lished whether this involves continued growth of individual ervstals or the formation of new 
ones. He emphasized that the nature of the water in bone is only partially understood, although 
it is clear that the skeleton as a whole is quite dehydrated. This dehydrated state may be 
responsible for the relative inertness and lack of physiological reactivity of bone. The gradual 
loss of water as skeletal units age may be responsible for the apparent irreversibility of the 


many ionic interchanges undergone by the skeletal mineral. 


Goran C. H. Baver, M.D., University of Lund, Sweden, discussed the kinetics of caleium 
and strontium metabolism. He concluded that animal experiments, in which isotope tech- 
niques have been used, have contributed to a better insight into normal processes such as bone 
growth and repair and into pathological conditions such as vitamin-D or protein deficiency. 


Isiwore Gersu, Px.D., Department of Anatomy, University of Chicago, discussed the 
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dynamic aspects of ground substance and calcification. He reviewed the significant observa- 
tions which form the bas’s for current concepts concerning the structure and nature of the 
ground substance and the origin of collagen fibrils in the ground substance. He deser;bed the 
procedure for producing suitable specimens for the study of the dynamics of ground sub- 
stances, and analyzed the factors which influence the relative proportions of water-rich and 
colloid-rich phases in the ground substance. He pointed out that ground substance is organ- 
ized as a system of discontinuous water-rich, colloid-poor submicroscopie vacuoles. These are 
separated by the denser water-poor, colloid-rich continuum, These two elements of the ground 
substances are considered to be the morphological expression of a two-phase system. The rela- 
tive proportions of water-rich and colloid-rich components may be altered, by maturation 
and aging, by the administration of various hormonal substances, and, under certain condi- 
tions, by vitamin C. As the two phases are assumed to be in thermodynamic equilibrium, 
changes in the relative proportions of each phase will result in changes in the concentration 
of the ions in the ground substance. The colloid-rich phase seems to be the site in the ground 
substance where the collagen fibrils originate. He also suggested that normal osteoid can be 
regarded as a form of ground substance of connective tissue, and that it seemed probable 
that the findings on the factors influencing the physical and chemical lability of the ground 
substance of musele, which are more readily subject to study, may be extended to osteoid 
Dr. Gersh suggested that a large part of the answer to the question why tendons generally do 
not calcify normally, while bones do, will be found in the dynamics and transformations of 
the ground substance. He pointed out the possibility that the rate of formation and matura- 
tion of ground substances may be the deciding factor in determining whether a tissue becomes 
calcified. One hypothesis is that ground substance matures more slowly in tendon than in bone 


Joun H. Marsuaui, Pu.D., Radiological Physics Division, Argonne National Laboratory, 
Lemont, Illinois, discussed the problem of microscopic metabolism of calcium in bone, report- 
ing the results of his studies in which he used the new techniques of quantitative autoradiog- 
raphy, microradiography, and computer analvsis of blood and bone specific activities. He 
pointed out that recent experiments with radioactive tracers in dogs have revealed an impor- 
tant component of caleitum metabolism in bone. It has been found that calcium, as well as 
the calcium-like isotopes Ca ®, Sr”, and Ra *", diffuse into and out of bone mineral at an appre- 
ciable rate even in regions of mature bone which have been thought to be metabolically inert. 
Called, more accurately, long-term exchange, this component of calcium metabolism accounts 
for as much calcium transfer between blood and bone in an adult animal as the well known 
components, accretion and resorption. However, because practically all bone crystallites are 
involved in this exchange, the time constant is long, so that a radioactive isotope deposited 
in bone is not returned to the blood by exchange to an important extent until several vears 
after injection. The mechanism responsible for this component is probably exchange at ervs- 
tullite surfaces, possibly coupled with intracrystalline diffusion. The existence of long-term 
exchange will modify our interpretation of accretion-rate measurements based on radioactive 
uptake and will increase our estimates of the availability of skeletal calcium to the circulating 
flnicis. 


The Third Session, in the morning of October 31, under the chairmanship of Frmeprient 
Wiassermann, M.D., Pu.D., Division of Biological and Medical Research, Argonne Nat‘onal 
Laboratory, Lemont, Illinois, was devoted to Ultrastructure of Bone. 


Frrvon Jackson, M.D., from the Biophysics Research Unit, King’s College, Lon- 
don, England, presented her studies on fibrogenesis and matrix formation. She pointed out 
that the processes involved in fibrogenesis and the formation of matrix are numerous and 
many mv as vet be unknown. Seven successive steps, however, which are probably concerned 
in the production and aggregation of the collagen macromolecules, have been defined. These 
steps may be regarded as the skeleton of the processes which take place in the tissues during 
fibril formation. Both im vino and in vitro experiments have supplied data which have been 
used to build up a more coherent picture of the possible mechanisms involved. The defined 
steps in fibril formation may be regarded as distinct individual reactions. It must be stressed 
that the problems and mechanisms involved have been purposely ted their simplest 
terms and that most of the reactions in the successive steps take place concurrently with one 
another. It is clear that more information is required before any of the mechanisms involved 


in these steps in tissue fibrogenesis are understood and established as correct or discarded 
The examination of the fine structure and chemical composition of periosteal bone and of 
the four regions of the growth cartilage in long-bone rudiments has supplied data at different 
histogenetic stages and demonstrated certain variations which may be concerned in the miner- 
alization of the tissue. The morphological development of apatite in bone and cartilage shows 
differences in formation which may be related to the method of initial seeding of the apatite 
crvstals in relation to the component collagen fibrils. 


Rosert A. Renixnsox. M.D... Department of Orthopaedics, The Johns Hopkins Hospital, 


VOL. 41-A, NO. 5, JULY 1959 


4 
. 


970 PROCEEDINGS 


Baltimore, Maryland, pointed out that a specimen of bone cleaned of periosteum and medul- 
lary marrow can be divided into two major parts: (1) the marrow-vascular-osteocyte space 
and (2) the calcified bone matrix. These two parts are intertwined so intimately that the 
chemical analysis of bone is quite confusing unless they can be separated. The chemical anal- 
ysis of bone must be correlated with the anatomy of the bone. This concept is necessary in 
evaluating the chemical analysis of porotic bone. Considerations regarding the marrow-vascu- 
lar-osteocyte space lead the author to believe that a rather constant analysis pattern can be 
derived for the fat-free marrow. Electron-micrographic investigations when considered in con- 
junction with results of other investigative techniques demonstrate both a standard pattern 
for calcified osteoid and variations from this standard in respect. to percentage calcification. 
If the standard marrow-vascular-osteocyte pattern is combined with the standard calcified 
osteoid pattern and its several variations, an intelligent estimate of the chemical composition 
of a specimen of bone can be made within the perimeters of its density both when hydrated 
and when dry. The over-all results of chemical analyses of bone in relation to its anatomy 
were shown in tables and graphs. Although these standard analysis patterns were based on 
studies on dog bone, the author believed that they can be applied equally well to human bone. 
Human bone in general has a slightly lower hydroxyapatite to collagen ratio than does dog 
bone. Otherwise the component parts of these two organic matrices and their marrow appar- 
ently have similar mass to volume or density characteristics. 


Arne Enostrom, M.D., Department of Medical Physics, Karolinska Institute, Stockholm, 
Sweden, reported on his studies related to the ultrastructure of bone mineral. He mentioned 
that the nature of the mineral fraction of bone has been discussed extensively since the early 
work of deLong in 1926. At that time it was considered that the bone mineral was an apatite, 
but due to the confusion caused by the work of D. McConnel, concepts such as carbonate 
apatites were introduced. MceConnel based his conclusions on results from the study of some 
mineral apatites. From the work of D. Carlstrom, at the Department of Medical Physics, 
Karolinska Institute, it is now clear that the mineral carbonate apatites are microcrystalline 
compounds with hydroxyapatite crystals in an amorphous matrix of carbonate. It is also well 
established that bone apatite occurs as microcrystals which are so small that a considerable 
fraction of the atomie groupings is in a surface position. It is this small erystallite size which 
has caused the diverse interpretations of the structure of the bone salt. Bone salt has unit cell 
dimensions of a=942+0.03 A and c=688+0.01 A, while the dimensions of pure synthetic 
hydroxyapatite are a=9421 A and ¢=6.882 A 

The size of bone crystallites has been measured by studying the diffraction profiles of the 
wide angle x-ray lines, the intensity distribution in the low angle particle x-ray scatter, and 
by electron-microscopy. The results of these investigations can be summarized in the follow- 
ing way. The bone erystallites are about 20 to 40 A in diameter and 600 A or more in length 
with a kinked structure. The important point is that the erystallites have such small dimen- 
sions that 20 to 50 per cent of the groups are in a surface position, thus in effect the crystallites 
act as an effective ionic exchanger. In fact the surface of the bone crystallites can be consid- 
ered as a garbage can for all sorts of ions. This is one way in which the bone salt plays a role in 
the homeostatic regulation of ions. 

Crystallographic investigations have shown that when animals are fed strontium very 
little of this is substituted in the lattice (for example, into the columnar calcium ions) as evi- 
denced by changes in the lattice parameter as deduced from the x-ray diffraction patterns 
Most of the strontium is surface bound. The study of bone apatite would appear to be a prob- 
lem of surface chemistry 

The elongated bone ervstallites are arranged along the collagen fibers, but it is not known 
whether there is any specific linkage between the apatite and the collagen. As other types of 
calcifications occurring in the absence of collagen show the same types of crystallites, the 


typical arrangement in bone seems to be directed mainly by physical forces. 

Finally, Pierre Lacrorx, M.D., Institute of Anatomy, University of Louvain, Belgium, pre- 
sented the results of his investigations with autoradiography. Ca“ autoradiographs of adult 
and growing bone were analyzed with particular reference to the morphological changes dur- 
ing calcification of bone matrix as revealed by microradiography combined with routine his- 
tological methods. His presentation was based on a series of photomicrograms and cannot, 
therefore, conveniently be presented in abstract form. 


The Final Session, under the chairmanship of Jounn E. Howarp, M.D., Department of 
Medicine, The Johns Hopkins Hospital, Baltimore, Maryland, dealt with vitamin D, para- 
thyroid, citric acid, calcium, and phosphorus: 

D. Haroitp Corr, M.D., Department of Physiology, University of British Columbia, Van- 
couver, Canada, diseussed the role of the parathyroid in the homeostasis of blood calcium. 
He outlined his theory for the mechanism responsible for the very precise regulation of the 
plasma caleium level. He pointed out that the plasma calcium exists in equilibrium with that 
in interstitial fluid. The plasma receives its calcium from intestinal absorption and from bone 
resorption, Calcium is lost from the plasma by excretion in urine and faeces and by deposition 
in bone. Possible changes in plasma calcium level are buffered by the labile storage pool in 
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bone, which may correspond to the calcium in the hydration layer and surfaces of the erystals 
of bone salt. The maintenance of a normal level of plasma calcium depends on the activity 
of the parathyroid glands which probably act by a feed-back mechanism as suggested by 
McLean. Hypocaleaemia apparently stimulates the parathyroid glands to produce their hor- 
mone which in turn promotes mobilization of calcium from bone. It is probable that hyper- 
caleaemia inhibits the parathyroids. There is considerable evidence that parathyroid extract 
increases the activity of bone cells, particularly with respect to citrate. Neuman and his asso- 
ciates suggest that the citrate ion increases the solubility of bone salt and thus promotes cal- 
cium mobilization. It may also increase the activity of calcium in the labile bone storage pool. 

Because the parathyroidectomized animal can mobilize calcium from its skeleton and 
can maintain the blood calcium, even though at a level much below normal, it seems likely 
that the hormone acts to increase the activity of a mechanism already present. In this respect, 
it would be analogous to the thyroid hormone, which is not essential for metabolic activity 
but is required to increase metabolism to its normal optimal level. 


Harotp EF. Harrison, M.D., Department of Pediatrics, Baltimore City Hospital, Balti- 
more, Maryland, discussed the physiology of vitamin D. He pointed out that since cortisone 
blocks the citrate-increasing action of vitamin D without preventing its essential antirachitie 
activity, the citrate effect does not appear to be the primary biochemical mechanism of vita- 
min D action. Nevertheless, the citrate phenomenon may be a clue to the nature of vitamin D 
action since the movement of citrate is possibly related to the transport of ions across cell 
membranes. Vitamin D appears to influence the rate of movement of calcium and phosphate 
ions through the intestinal mucosa and the renal tubular cells as well as influencing the move- 
ment of calcium between the solid phase of bone salt and the liquid phase of the body fluids. 
In certain of these functions an interaction of vitamin D and parathyroid hormone seems to 
exist. Elucidation of vitamin D action and explanation of parathyroid hormone effect are 
probably mutually dependent. 


SmirH Freeman, M.D., Pu.D., Department of Biochemistry, Northwestern University 
Medical School, Chicago, Illinois, discussed citrate metabolism with special reference to cal- 
cium and bone and the possible role of citric acid in mobilizing calcium from the skeleton. 
During recent vears it has been demonstrated that citric acid is widely distributed in cal- 
careous deposits formed in living organisms. The highest concentration in the animal body is 
found in the skeleton. Citrie acid is continually entering and leaving the blood stream. There 
is some evidence to indicate that the skeleton may be the site of origin of at least part of the 
citric acid contained in the blood. Citric acid is being removed continuously from the circula- 
tion and metabolized by the kidneys. The physical and chemical natures of citrate and cal- 
cium make certain reactions between these two substances inevitable. Both vitamin D and 
parathyroid function appear to influence the concentration of citric acid in the blood stream. 
There is presumptive evidence to suggest that citrate may play a role in the normal homeo- 
static mechanisms by which calcium ion concentration is controlled in the animal body. The 
enzymatic and cellular mechanisms by which citrate metabolism is related to that of calcium 
are not understood. 


Frankuin C. McLean, Department of Physiology, University of Chicago, con- 
cluded the conference with a brilliant summary of phospherus metabolism, and stated: “Per- 
haps we can go no further at this time than to suggest that there is now reason to believe 
that phosphate, heretofore regarded as the passive member of the caleium-phosphorus team 
in calcification, may be found to provide such activity or energy as may be necessary for this 
process, or more particularly for its initiation or seeding. In this case the passive or secondary 
role may have to be assigned to calcium.” 
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Tue ManacemMent or Fractures anp Distocations. An Atlas. Volumes I and II. Anthony 

PF. DePalma, M.D. Philadelphia, W. B. Saunders Company, 1959. $35.00. 

This two-volume atlas is the author’s answer to the need for a ready and rapid refer- 
ence on the treatment of a specific injury. Dr. DePalma has outlined the pertinent factors 
in the management of any given fracture or dislocation in a simple and abbreviated text, 
illustrated with pen line sketches. The pertinent steps only are demonstrated. Having under- 
taken this approach to his task, he presents the method which he personally feels is the 
most satisfactory. The reader is not left any choice in the management of a given injury. 
The fracture or dislocation is clearly described, and its treatment is carefully outlined, step 
by step. The methods are dogmatic, but the material is clear and concise. Each individual 
injury is presented as a basic unit, and completed through the rehabilitative phase. Unfor- 
tunately, this approach ealls for considerab'e reduplication of printed material and illustra- 
tions. For example, the type and position of the Minerva jacket is demonstrated nine dif- 
ferent times during the section on cervieal-spine injuries. Space and printing could be 
reduced by this seemingly unnecessary repetition 

Certain sections of these two volumes overemphasize the simple conditions, and yet 
do not furnish enough detail for the more complicated problems. This is typically true in 
injuries of the thoracic cage, where twelve pages are devoted to the management of uncom- 
pleated fractures of the ribs and sternum, and yet only one page is devoted to open 
pneumothorax and its treatment. 

Particularly valuable are the clear sketches of the actual steps of reduction in various 
fractures. Here the inexperienced quickly can find, well illustrated, the method of reducing 
fractures and the type of cast recommended. The volumes are large and cumbersome. 
No attempt has been made to provide references. The two volumes should certainly be 
available to all who are called upon to treat frequently and infrequently trauma to the 
musculoskeletal system. Every hospital would do well to have the volumes available in 
their emergency facility for ready reference, as they provide a quick, compact discussion of 
a given injury, and present acceptable methods of treatment. 


William R. MacAusland, Jr., M.D 


Recent Apvances in CrresraL Patsy. Edited by R. 8S. Illingworth. Boston, Little, Brown 
and Company, 1958. $12.00. 

Recent Advances in Cerebral Palsy presents a good discussion of all aspects of cerebral 
palsy by contributors who are leaders in their respective fields. It consists of an up-to-date 
summary of the literature on the subject, both orthopaedic and otherwise. Inasmuch as the 
patient with cerebral palsy is ordinarily best treated by @ team of individuals including 
in orthopaedist, pediatrician, neurologist, physical therapist, speech therapist, psvchologist, 
ind neurosurgeon, this book is written with this approach in mind. Except for the three 
American contributors to this text of fifteen chapters, the title might well be Recent 
Advances in Cerebral Palsy in Great Britain. It is only fair to say, however, that there 
ire many references to the American literature on the subject, and there are excellent 
chapters by Dr. Pearlstein, Dr. Phelps, and Dr. Mevers. The various techniques of treat- 
ment of cerebral palsy might have been discussed in more detail since there is so much 
controversy about these. 

There is an excellent chapter devoted entirely to the role of orthopaedic surgery in 
the treatment of cerebral palsy. Some controversial points are mentioned. Tibial tubercle 
transplants are described, but these should not be done during the growing period because 
of the danger of disturbing the growth of the epiphysis here. 

This textbook is well written, and it will prove to be an excellent reference volume 
It should be read by all who are engaged in the treatment of patients with cerebral palsy 

Henry H. Banks, M.D 


PREATMENT OF Cancer AND ALLiep Diseases. Ed. 2. Vol. 1: Principles of Treatment. George 
T. Pack, M.D., and Irving M. Ariel, M.D. New York, Hoeber-Harper, 1958. $22.50. 
This is the first volume of a projected nine-volume series modernizing the previous 

dition published in 1940. In the interval of two decades increased clinical and research 

mphasis on the cancer problem has broadened our knowledge extensively, and this initial 
volume of the new series reflects this added knowledge. Of the original twenty-five authors 
who wrote this section of the treatise, only four have contributed to the new edition. 

Three have completely rewritten their contributions and only the work of one--Broders on 

grading of tumors—has remained essentially unchanged. In my opinion this too should 

have been rewritten because of the widespread differences of opinion on the value of a 

grading procedure in different tumors not considered in the presentation. The new edition, 

in this section at least, is double the size of the old, and is the work of twice the number of 
contributors 
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The series will have the same framework as in the previous edition, that is, each volume 
after the first will consider tumors of anatomical regions of the body. The first volume 
discusses a variety of topics pertinent in a general way to the subject, but not to any 
specific clinical entity. The organization of this volume is admirable—it begins with cancer 
prevention and passes through methods of diagnosis and pathology, principles of surgery, 
radiation, and chemotherapy, and ends with a chapter on the reporting of end results of 
cancer treatment. 

For those interested in orthopaedic surgery, each of these chapters has material which 
should be understood by the orthopaedic member of a cancer therapy team. He will benefit 
by increased familiarity with several sociomedical subjects which ordinarily would not 
come to his notice—the carcinogenic agents which may be encountered as environmental 
or occupational hazards, the organization of clinics, home-care facilities, and arrangements 
for terminal and nursing care. In an area somewhat closer to his direct responsibilities 
for the care of patients, a general review of the principles of radiation physics and biology 
and the specific uses in therapy of radioisotopes will be appreciated by many readers. 
Similarly, the fields of chemotherapy and hormone therapy are well summarized for the 
practitioner, but one wonders how many years will elapse before most of the agents con- 
~idered will be obsolete. 

Naturally, the orthopaedic surgeon will be most concerned with those chapters which 
relate specifically to the surgeon’s handling of the patient. It is doubtful whether any 
surgeon, on the basis of material presented in this book, would feel himself competent to 
direct the care of a cancer patient with regard to radiation, chemotherapy, or the like. 
However, as a member of a team, his surgical responsibilities remain paramount. It is to 
be expected that the local surgical problems will be considered in the appropriate subse- 
quent volumes. In the present one, the general principles of surgical preoperative and post- 
operative care, fluids, estimation of risk, and preparation of poor-risk patients, occupy a 
good portion of this section of the book. Since these considerations are pertinent to treat- 
ment of any surgical patient, one wonders whether they should be included in a volume 
of this nature. The remainder of the section, devoted to electrosurgery and to vascular 
surgery, as it pertains to the treatment of cancer, certainly are pertinent. 

The work of many authors is necessarily uneven, and this volume covers in summary 
fashion much material in diverse fields. As such, it presents a variably fitting introduction 
to the more specific volumes to come. Faults of complete omission of topies are few indeed 

perhaps the experimental field of tumorigenesis, immunology, transplantation, and the 
like should have been included. The book may be recommended for a modern summary 
of the subjects mentioned above, treated in a simple understandable way suitable for all 

medical practitioners and students, but not suitable for study in depth, or for reference. 
Jonathan Cohen, M.D. 


Hanpsook oF OrtHorarpic Surcery. Ed. 5. A. R. Shands, Jr.. M.D. St. Louis, The C. V. 

Mosby Company, 1957. $9.75. 

The Fifth Edition of this compact volume meets well the author’s aim—to “assist in 
the teaching of orthopaedic surgery”. Dr. Shands suggests the book for medical students, 
general practitioners, nurses, and therapists and at the same time offers a great deal for 
residents and practicing orthopaedists. He defines clearly the area to be considered—ortho- 
paedie surgery exclusive of fresh fractures, plaster technique, surgical technique, and ortho- 
paedic apparatus. 

Within this framework the material is clearly organized and well presented. The salient 
features of each subject are succinctly put. For detailed or exhaustive information on a 
topie, the reader must use liberally the excellent bibliography. Attention is drawn to both 
sides of controversial points and then the author's preference is given. The illustrations are 
apt, appropriate, and abundant. The sections dealing with pediatric orthopaedics are stronger 
than those dealing with adult problems. The Handbook is strong on definitions. It also 
contains an interesting amount of the history of orthopaedics. 

One wonders about certain statements such as: “fibrous dysplasia is almost always uni- 
lateral”; “the cases most favorable for hip arthroplasty are those in which the ankylosis 
has been the result of . . . an acute pyogenic infection”; “currettage of tuberculosis 
sinuses is nearly always futile”; and “Reiter’s syndrome is a variant of rheumatoid arthritis”. 
However, to challenge ouly these statements in a 600-page book is high praise. 

William H. Harris, M.D. 


Tuirp Tissue CoNnrereNce. Annals of the New York Academy of 

Sciences, Vol. 73, Art. 3, pages 539-868. $5.00. 

This series of papers is the result of the Third Tissue Homotransplantation Conference 
held by the New York Academy of Sciences, Section of Biology, February 6 and 7, 1958. 
Two preceding volumes, consisting of the papers presented at the First (1954) and Second 
(1956) Tissue Homotransplantation Conferences have been published. 

This volume is divided into four parts. Part I concerns “Embryonal, Fetal, Neonatal, 
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and Infant Tissue Transplantation”. Although this section is largely concerned with the 
phenomenon of take of homografts of embryonal tissue in experimental animals, Peer and 
his associates reported that in humans, skin grafts from mother to son and daughter survive 
longer (although ultimately rejected) than from father to son and daughter. Part IL con- 
siders the “Immunogenetics of Tissue Transplantation”, and Favour points out that “in 
invertebrates who can be successfully homografted, the plasma cell system is absent, and 
the capacity to make gamma-type serum globulin is vestigial”. Berrian and Brent reported 
further experimental evidence that “antibody-like reactive sites are created on or within 
the Ivmphoid cells” in skin homotransplantation, and Scothorne noted that “although not 
finally proved, it seems likely that the antigens of the graft reach the antibody forming 
apparatus of the host directly via the host Ivmphaties in the graft bed, and that immuniza- 
tion of the host can occur in the absence of an intrinsic lymphatic drainage of the graft”. 
Part IIL consists of papers on “Antibodies and Antigens in Tissue Transplantation”. Stetson 
and Demopoulos, and Gorer, reported on the controversial subject of the ability of immune 
sera passively to transfer specific homograft) immunity. Converse and his associates, in 
answer to the question “How soon after transplantation of a skin homograft does  trans- 
plantation immunity develop?”, state that “the establishment of the vascularization of a 
skin homograft is required for the development of transplantation immunity... . The 
presence of the skin homograft in the host bed for a period of about 48 hours is required”. 
Part IV) concerns the “Graft-Versus-Host Reaction and Acquired Tolerance in’ Tissue 
Homotransplantation”. Several papers considered the phenomenon of the effect of the graft 
against the host, as in “runt disease’ (in new-born mice inoculated with adult homologous 
spleen cells), and “homologous disease” (attributed to the immunological reaction of sue- 
cessfully grafted homologous Ivmphoid elements or their bone marrow progenitors against 
the foreign tissue antigens of the tolerant host). Kamrin reported that treatment of rats 
with the alpha-globulin fraction of rat serum resulted in a survival rate of 60 per cent im 
parabiotic rats, as compared to 25 per cent survival in non-treated rats. 

Only «a few of the papers in this volume have been mentioned above, but there are 
many more that warrant close study. Unfortunately, there is nothing in this volume spe- 
cifically concerning bone homografting, but «a knowledge of the current investigations in 
all phases of tissue homografting is essential to anyone interested in experimental bone- 
grafting and transplantation 


Paul H. Curtiss, Jr. 


Manvuat or Uprer Extremity Prostuetics. Ed. 2. Edited by William R. Santsehi. Los 
Angeles, Department of Engineering, University of California at Los Angeles, 1958. 
This is a revised and larger edition of Upper Extremity Prosthetics compiled by the 

Department. of Engineering, University of California at Los Angeles. It is a practical hand- 

book encompassing material pertinent to the funetions of each member of the prosthetic 

¢linie team. The value of a team approach to prosthetics is emphasized; surgeon, pros- 
thetist, and physiotherapist. Following in logical order are the detailed instructions for 
prescription of a limb, measurements and fabrication, and training of the amputee, with 

a generous number of clear sketches and photographs 
Engineering principles and component parts of the devices are described and pictured 

in detail. While for a surgeon an intimate knowledge of these is perhaps not essential, it 
increases considerably his ability to head the clinic team. Materials and processing for plastic 
laminate construction of sockets are shown in detail and are of primary value to the 
prosthetist. Physiotherapists will find particular interest in discussion of preprosthetic stump 
conditioning, details of harness and control systems, and the procedure to follow in train- 
ing « patient to use his limb with maximum efficiency. 

To my knowledge, the material embodied in this manual will enable the clinic team to give 
the patient the most functional and cosmetically desirable plastic laminate prosthesis. 
While engineers continue to apply their special skills to the problem of prosthetics, and 
improved materials and techniques are constantly evolving, it may be expected that pros- 
theties will be a dynamic area of endeavor for the interested surgeon. 


Richard A. Mayo, M.D. 


ParHoLocy For THE Prysician. Ed. 6. William Boyd, M.D. Philadelphia, Lea and Febiger, 

1958. $17.50 

From such a scholar, one could ask for little more than this delightful book. The 
history of medicine, the semantics of the jargon in pathology, and the anatomy of the 
several diseases are woven into a single cloth which, although often familiar, has many 
new patterns 

Each chapter is introduced with not only a historical setting but also with a useful 
review of normal anatomy and physiological function of the organ system. Personal con- 
cepts of function might be illustrated by his discussion of the homeostatic and excretory 
functions of the kidney wherein he states, “The excretory view is ep!tomized in the saying 
of the noseless story-teller of Baghdad: ‘What is man, when you come to think upon him, 
but a minutely set, ingenious machine for turning, with infinite artfulness, the red wine 
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of Shiraz into urine?’” The more serious discussion of renal function that follows this 
statement is excellent. 

The internist, for whom this book is designed, may find little need to review the eight 
pages devoted to the anatomical changes in typhoid fever but will enjoy the full discussion 
of the carcinoid syndrome, the Zollinger-Ellison syndrome, and alveolar protemosis, 

The excellent and comprehensive chapters on heart diseases and renal diseases are 
surpassed by a beautiful discussion of Diseases of the Nervous System. In this chapter, 
as throughout the book, the illustrations are excellent. A chapter devoted to the Internal 
Environment is only a fifteen-page presentation of a very complex subject and, although 
the author extols the usefulness of expressing electrolyte concentrations in milliequivalents 
per liter, he slipped several pages earlier and referred to the drop in serum potassium in 
familial periodic paralysis as “a drop in the serum potassium level from a normal of 18 
to 22 mg. per 100 cc. to as low as 5 mg.”. The chapters on Diseases of the Bones (27 pages) 
and Diseases of the Joints (25 pages) concern only medical problems and would not. likely 
add much to the knowledge of the average orthopaedist. 

Several presentations on controversial subjects may represent a minority opinion. He 
defends status thymicolymphaticus as an entity; he believes that the etiology of rheumatoid 
arthritis has as a “basie factor... a chronie or recurring infection, but the infecting agent 
has not been isolated”; and because he accepts multiple histological types of thymie neo- 
plasms as separate ontogenetic tumors, must conclude that “one difficulty is that there is 
a great variety of thymic tumors, most of which are not related to myasthenia gravis”. 

The conclusions in several chapters reflect the author’s respect for the unknown: on 
liver function he states “. .. with regard to its behavior in disease we are tempted to 
echo the famous remark of Fascatorius regarding the action of the heart that ‘it was only 
to be comprehended by God’”; regarding the stomach, “the stomach, then, is a veritable 
sounding board for the emotions, and when one considers the bombardment it suffers from 
neurogenic, secretory and hormonal stimuli, not to mention exogenous irritants of every 
sort and description, the wonder is that anyone has a healthy digestion”; and on ulcers, 
he concludes that, “worry and nervous strain are associated with hyperacidity, perhaps 
explaining the prevalence of uleer among surgeons and its absence in pathologists. I have 
known only one pathologist to suffer from a peptic ulcer, and he was a dean.” The con- 
cluding remarks in the book are: 

“Strange that a harp with so many strings 
Should stay in tune so long.” 
The occasional disharmonies are presented very well in this book. 
H. Robert Dudley, M.D. 


TRANSPLANTABLE AND TRANSMISSIBLE TuUMoRS oF ANIMALS (Atlas of Tumor Pathology, 

Section XII—Fascicle 40). Harold L. Stewart, M.D., Katherine C. Snell, M.D., Lucia 

J. Dunham, M.D., and Samuel M. Schlven, M.D. Washington, D. C., Armed Forces Institute 

of Pathology, 1959. 

This is another Fascicle in the Atlas of Tumor Pathology of the Armed Forces Insti- 
tute of Pathology. It contains a selection of fifty tumors of animals which are of frequent 
use experimentally. The transplantable tumors are those which require implantation of one 
or more cells in the host while the transmissible ones may be grown in animals after injec- 
tion of cell-free extracts. The tumors were selected as representative samples of the 
variety of transplantable tumors which occur spontaneously or which may be easily mduced 
in different animal species. Thirty tumors of mice, ten of rats, three of rabbits, two each 
of dogs and chickens, and one each of hamster, guinea pig, and frog are included. Each 
tumor is described in summary fashion and magnificently illustrated, often in color. While 
it is evident that this is not a complete listing of all of the experimental tumors of animals 
now being studied, this collection nevertheless has a good deal of value. It cannot be used 
as a complete reference work in this field, and thereby earn the title of atlas, but it can 
be used by laboratory workers to familiarize themselves with the common appearance of 
those tumors included and for reference purposes to the bibliography. The bibliography is 
by no means complete and often is inadequate and not up to date. The work is not 
meant for ordinary reading and serves only the limited purposes of reference for workers 
in experimental tumorigenesis and other phases of cancer research. 

Jonathan Cohen, M.D. 


PrincieLes oF RapiocrapHic Exposures AND Processing. Arthur W. Fuchs. Springfield, 
nois, Charles C. Thomas, 1958. $10.50. 

Over the vears, countless radiologists and x-ray technicians have been able to benefit 
from personal contact with the author as he solved their problems of radiographic technique. 
This volume is the summation of the many vears of experience the author has had with 
the principles of radiographic exposures and processing. Part of the text has appeared pre- 
viously in United States Army training manuals and part is directly from the author's 
lecture material. 
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The function of focus-film distance, the function of kilovoltage, and the function of 
milliampere-seconds in the formation of the radiographic image are just a few of the 
subjects covered. Following theoretical discussions of such topics as secondary radiation fog 
ind “Heel” effeet, experiments and demonstrations are given to illustrate their application 


Extensive exposure tables for various routine projections are given to aid in. setting up 
techniques in a new office 

The last third of this volume deals with processing procedures. Excellent examples illus- 
trate ways in which processing errors produce inferior radiographs. Suggestions for correc- 
tion of these faults are given. 

This volume will be a valuable addition to every radiology office; the information it 
contains should be continually available to the radiologist as well as the x-ray technician. 


Henry P. Pendergrass, M.D. 


ProrortaL Hanpsook or Fracture Treatment. Ed. 4. Edward L. Compere, M.D., F.A.CS., 
Sam W. Banks, M.D., F.A.C\S., and Clinton L. Compere, M.D., F.A.C.S. Chicago, Year 
Book Publishers, Inc., 1958. $7.50. 

The general practitioner who treats fractures occasionally, as well as students. will find 
the Fourth Edition of the Pictorial Handbook of Fracture Treatment as valuable and as 
easily understood a reference book as its predecessors. Theoretical discussion is kept to a 
minimum, necessarily, and widely accepted and practical methods of treatment are both 
clearly explained and illustrated by line drawings and roentgenograms. A further contribu- 
tion to the elaritv is the general use of anatomical terms in the description of fractures, a 
pohey which is followed throughout the book 

The common fractures, such as those about the wrist and hand and the foot and 
ankle are described in considerable detail. At the same time the student is given the benefit 
of clear drawings illustrating the several techniques of hip reconstruction, many of early 
vintage. A description is also given of the use of the Soutter traction device and some of 
the elaborate techniyues in the treatment of fractures of the caleaneus which do not enjoy 
a wide use at the present time. An especially valuable feature are the signposts indicating 
situations in which trouble might arise and the need for obtaining further consultation and 
dv ice 

There are a few techniques with which one might disagree, for example, the use of 
idhesive tape in the post-reduetion fixation of elbow dislocation, together with a  eollar- 
und-cuff sling. One might question the necessity and effectiveness of marked dorsiflexion 
of the ankle in attempting to reduce small fragments of the posterior lip of the tibia. These, 
however, are small points and serve only to illustrate how hard one must look to find 
hairs to split. It is indeed interesting to note that the primary insertion of a prosthesis in 
the treatment of fresh subeapital fracture of the femoral neck is accepted, provided it is 
done in poor-risk patients whose life expectancy is no more than five years. One has the 
feeling that the reservations will be dropped in the next edition. 

This little book is easv to read and easy to fit into a good-sized pocket. It is certain 
to compare favorably with its larger brothers and to retain its deserved popularity. 


Richard V. Kilfoyle M.D 


Vaseunar Surcery. Geza de Takats, M.D.. MS., F.ACS. Philadelphia, W. B. Saunders 

Company, 1959. $17.50. 

Extensively documented, this text on vascular surgery is nevertheless a personal book, 
frankly presenting the author’s biases and opinions. His extensive experience and _ critical 
acumen make this a valuable attribute. Although the work has its weak chapters and some 
of the conclusions on therapy will be disputed by other vascular surgeons, in general 
the practical surgical principles and generalization which it presents and supports are sound, 
realistic, and valid in the light of current experience. 

The book consists of sections on fundamental principles of vascular surgery, diagnos- 
tie methods, vascular syndromes requiring surgical care, and a final section on surgical 
technique, Consideration of the physies of circulation, in the first portion, is rather shallow, 
ind oceasionally, as in the ease of statements about the non-wettability of endothelium, 
teademically unfortunate. Despite this, fundamental observations on physiology and their 
practical importance are well brought home 

The seetion on diagnostic methods is greatly enriched by the author's experience, and 
will be useful to those wishing to develop their clinical ability in handling vascular disease 

The book’s greatest value lies in the section on vascular syndromes which consists of 
thirteen chapters on the genesis, pathological anatomy, diagnosis, and treatment of the 
various conditions requiring the care of a vascular surgeon. This is not an extensive descrip- 
tion of the use of arterial grafts and, although this aspect of the subject is covered, the 
uithor’s experience is quite small by the current Texas standard. The section’s strength 
lies in its handling of such entities as Iwmphoedema, cold injury, ervthromelalgia, and con- 
nective-tissue diseese, conditions rather neglected in the vascular surgeon's present enthu- 
siasm for bigger and more spectacular reconstructive surgical procedures. These chapters 
make the book a most desirable reference text for the practicing surgeon. 

Robert S. Shaw, M.D. 
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Thinning of hip joint cartilage, marginal spurring and Diseased bone has been removed and Vitallium® cup 
cystic changes indicate osteoarthritis. is in good relation to the femoral neck and acetabulum. 


A typical 
Vitallium’ Cup 


Arthroplasty recorded step by step 
The radiologist chose Kodak Royal Blue X-ray Film to help keep 


exposure toa minimum, 


The photographer chose Kodak Ektachrome Film to record the surgery 
in full color. 


1. (Mlustration at left) Anterior iliofemoral inei- out the details: anterior capsule at bottom of wound; 


sion. Gloved hand is on medial side. 2, (Right) — iliae crest at top: lateral femoral cutaneous nerve 


Joint is now exposed. See how clearly color brings crossing below retractors. 


Serving medical progress through Photography and Radiography 
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VITALLIUM’ CUP ARTHROPLASTY (continued) 


3. Capsule opened shows synovitis and 4, Head of femur has now been dis- 5, Acetabular reamer positioned for 
irregularity of the osteocartilaginous located. Note erosion of cartilage in the cleaning cartilage from acetabulum. 
junction of the head and neck. acetabulum. Here color differentiates textures. 


6. Head of femur is being cleaned of 
all sclerotic and cystic substandard bone 


and degenerated cartilage. 


Cheek back over the illustrations on this 
and the preceding page: note their value 


as a teaching medium—today, tomor- 


row, years from now. A variety of 


Kodak color materials are available for 
your needs: Kodachrome Film for min- 


iature and motion- pic ture cameras; 
Kodak Ektachrome Film and Kodak 
Ektacolor Film for sheet-film cameras; 
Kodak Ektachrome Film and Kodacolor 


Film for roll-film and miniature cam- 


eras. Kodak color print materials are 


also available. 


8. Hip, reduced, back in position prior to closing incision. 
Order Kodak x-ray products from 
your Kodak x-ray dealer, Kodak photographic products 


from your Kodak photographic dealer. 
4 Kod Medical Division, EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
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MEDICAL BOOK NEWS 


CHARLES C THOMAS - 


301-327 East Lawrence Avenue 
Springfield + Illinois 


PUBLISHER 


GOLDSTEIN MONOGRAPH PUBLISHED 
AT OPPORTUNE MOMENT 


The long search for authoritarian information on care of 
the scoliotic child has ended. Based on personal experiences 
over a twenty-year period, Dr. Goldstein’s monograph, 
The Surgical Treatment of Scoliosis, moves into a 
vacuum of information in the orthopedic educational 


informative fields. 


Dr. Louis Goldstein, we/l- 
known Professor of Orthopedic 
Surgery at the University of Roch- 
ester Medical Center in New York, 
has ELIMINATED ALL VA- 
RIABLES IN THE EVALUA- 
TION OF END RESULTS. 
Thirty-one cases are illustrated 
—all treated by one method 
and followed up by the author. 
He has emphasized important 
points in the discussion by pre- 
operative and postoperative 
roentgenograms and clinical 
photographs. 

The author's experience is an 
outstanding example of selective 
application. Every physician 
who deals with the problem of 
scoliosis should share in this 
summation of experience by an 
outstanding surgeon and_ his 
team of associates. Copies of this 
latest monograph in American 
Lectures in Orthopedic Surgery 
available to the profession in June. 


Surgeons Welcome Two 
Recent Publications on 
the Hand 


In view of present concern about 
effects of radiation in the pro- 
duction of mutation, it was both 
timely and important that Pro- 
fessor Arthur J. Barsky’s work 
on CONGENITAL ANOMA- 
LIES OF THE HAND AND 
THEIR SURGICAL TREAT- 
MENT be completed in 1958. It 


is a statement of present day 
experience by a top flight plastic 
surgeon and includes for the 
busy practitioner step-by-step 
treatment of each condition 
(copies still available at $5.75). 


Rounding out coverage of the 
hand, January 1959 saw the 
completion of THE HAND: ITS 
ANATOMY AND DISEASES 
by a Professor of Surgery at the 
Boston University School of 
Medicine— John J. Byrne. 
Emphasizing important details 
with unusually clear pen and ink 
drawings, Professor Byrne covers 
structure and development of 
the hand, infections, injuries, 
diseases, and reconstructive sur- 


gery (408 pp., 233 il., $10.50). 


Authorities Clarify 
Two Difficult Entities 
A late 1958 Second Edition of 
Ruth Jackson’s THE CERVI- 
CAL SYNDROME (205 pp., 
215 il., $6.50) presents the au- 
thor’s personal experiences with 
a difficult entity. New materials 
in this edition include 40 new 
illustrations and 1000 additional 
cases. A lot about baffling whip- 
lash injury significances and 
x-ray findings as diagnostic aids. 
Useful in checking your own 
findings with your patients who 
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have arm, shoulder and neck 
pains, or neck pain associated 
with headache! 


Do you know what modern 
Plaster of Paris techniques 
can do? Have you tried out 
these new braces for surgical 
risks? Read case-after-case proof 
of successful rehabilitation for 
your vulnerable hemophilia pa- 
tient in Henry H. Jordan’s 
HEMOPHILIC ARTHRO- 
PATHIES, which came off press 
in June 1958 ($8.50). Dr. Jordan 
opens up a whole new world of 
helpful procedures, tools, and 
apparatus. 


“Ts It Rheumatism 
Doctor ?”’ 


So reads the subtitle of a brand 
new (March 1959) little mono- 
graph by W. H. Gervis on 
ORTHOPEDICS IN GEN- 
ERAL PRACTICE. For ‘“‘the 
little things that try us” Dr. 
Gervis offers from a life-time of 
experience successful methods 
and procedures of diagnosis and 
treatment. Look over an on- 
approval copy at your leisure 
($3.00). 


Detail Cut toa 
Minimum 

For the whole orthopedic team 
Charles C Thomas, Publisher, 
has imported from England a 
limited number of T. T. Stamm’s 
A GUIDE TO ORTHOPEDICS 
(124 pp., 19 il., $3.00). An ideal 
handbook on the art of main- 
taining functions of the loco- 
motor system. 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 
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j PROGRESSIVE 
RESISTANCE 
EXERCISE EQUIPMENT 


FITTING 
for men 


aud women 
ASK YOUR 
DEALER 


ABOUT FAST 
SERVICE. 


SEND FOR 
BROCHURE, 
FITTING 
CHARTS, ETC. 


Elgin Exercise 
Unit Model 
No. A-1500 


« « + especially designed for the 
administration of over 100 therapeutic exercises! 


It has been proven that exercise therapy must be ac- INDUSTRIES, INC. 
curately controlled if the desired end results are to be 373 EAST BROAD ST., DEPT. 12, COLUMBUS 15, OHIO 
obtained . . . Elgin, the original designers and manu- 
facturers of Progressive Resistance Equipment, offers 
the only complete line of exercise equipment designed 
to meet these requirements. The Elgin line has been 
developed, in a scientific manner, to give Doctors and 
Therapists the correct clinical tools with which to prop- 
erly ne yl exercise therapy to both surgical and ececeoeeeneee0eee 
non-surgical patients. 


It provides a wide exercise range, from simple func- @ ‘ a 
tional exercises to the most highly definitive focal exer- A New Dimension e 


cises. This equipment also provides a means for an ' 
In Foot Comfort! e 


effective and e:ficient out-patient clinic for patients 
* 
KLEISTONE’S 


requiring therapy. An Elgin sales consultant would ap- 
CUSHION 
5] MOLD 


preciate the opportunity of assisting you in planning 
for the inclusion of Progressive Resistance Exercise 
Equipment in your physical therapy department. Write 
today for complete information. 


Made of resilient cellular rubber, 
covered on top with soft, pliable leather. The 
bottom is not covered, so that this cushion 
may be altered easily, by additi orreducti 
to fit the individual case. 


Write for full details 


ELGIN EXERCISE cies ELGIN LEG EXERCISE 
Model No. AB-1I50 (Ankle) Model No. LE-125 


Write today for information on the complete 


line of Elgin Exercise Accessory Equipment 
@ and Therapy Techniques, request Catalog 200. 


EXERCISE 
: APPLIANCE CO. KLEISTONE RUBBER COMPANY, I Inc. 


Established 1919 
P. O. BOX 132 © ELGIN, 


ILLINOIS eiiahe Rhode Island, U. S. A. 


48 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 


| 
| z 4 
| A 
| 
= 


FOR GREATER STRENGTH AND SAFETY — 


pemaNo GENUINE NEUFELD NAILS ona SCREWS 
-iIN NEUTRILIUM® 


NEUTRILIUM® is the most non-corrosive metal known to science. Its proven super- 
strength lends an assurance of permanence to internal fixation of the trochanteric 
area. This neutral, non-magnetic, homogenetic alloy is entirely inert and therefore 
compatible with human bone or tissue, remaining unaffected by body chemistry. 


NEUFELD BONE SCREWS — of NEUTRILIUM® — are cold forged and, 
unlike other metals, appear to be unbreakable under maximum human pressures. 
Heads will not twist off during application or in actual use. 


GENUINE NEUFELD NAILS and SCREWS — of NEUTRILIUM® — made only 
by MEDICAL RESEARCH SPECIALTIES, Loma Linda, California, are sold 
nationally by leading surgical and orthopaedic supply dealers. 


NEUTRILIUM® is a registered Trade Name of Medical Research Specialtses. 


NEUFELD FEMORAL NAIL PLATE 


Used for internal fixation of intertrochanteric 


and subtrochanteric fractures 


Write for descriptive literatur 


MEDICAL RESEARCH SPECIALTIES 


Loma Linda, California 
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A RS Attachment! Fits any Chick Table. Designed with the 
Complement patient and the doctor in mind! Gives patients comfort. 
eee Provides doctors with complete freedom in which to work. 

to the a ae ae Ideal for application of casts in cervical spine, scoliosis, 
° and other hyper-extension cases. RS Attachment fits DVHI, 

Surgeo nos . Dr. Virgin Tables, and Bell Tables, remarkable orthopedic 
and surgical tables available only under the CHICK trade- 


ae mark. Write today for additional information. 


Main Office and Plant: 821-75th Avenue, Oakland 21, Calif 


ai General Sales Office: 5 Broadway, East Paterson, New Jersey 
GILBERT HYDE CHICK ......... Canada: J. Martz Co., Ltd., 34 Grenville St. Toronto 


Manufacturers and Distributors of Hospital Orthopaedic and Fracture Equipment 


ACTIVE HAND and ican 
FINGER SPLINTS ADDRESS 


Instruments for Hand CHANGED? 
Surgery and Treatment 
AS DESIGNED BY PLEASE NOTIFY US PROMPTLY 


Dr. STERLING BUNNELL 


Carried in steck for immediate delivery is YOUR 


¢ Knuckle bender splint ADDRESS 


* Radial palsy splint To CHANGE? 
* Finger extension splint, etc. 


* Hand Drill w/Jacobs chuck 

* Tendon stripper set 

* Gig pull-out suture and 
other special instruments for 


bone and joint surgery WHEN YOU SEND US A CHANGE 
> OF ADDRESS PLEASE GIVE US 


H. WENIGER both old and new 


Established 1907 
resses 
New Address add 


70-12th Street, San Francisco 3, Cal. 


PLEASE NOTIFY US IN ADVANCE 
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A totally new concept in patient handling 


I ntroducing the 


UNIVERSAL HOSPITAL BED 

Designed specifically for improved handling and care 
of the orthopedic patient. An ideal bed for management 
of every orthopedic problem. The bed may be electrically 
operated by the patient to save valuable nursing time 
for more demanding duties. 


Have this practical bed demonstrated for you by Lee 
Stryker, Don Carson, Marshall Morrison, or Pete Hoff- 
man at booth 74, 75, or 76 during the American Academy 
of Orthopedic Surgeons Meeting, January 24th to 29th. 


Tighe, Manufacturers of Quality Surgical and Hospital Equipment 


Orthopedic Frame Company 


420 ALCOTT STREET ° KALAMAZOO, MICHIGAN 
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because 


VITAGENIC 


THE PRESCRIPTION-BUILT 
EXTRA-FIRM MATTRESS 
NEEDS NO 
INTERPOSED BOARD 


Physicians and orthopaedic specialists 
know that a bedboard —even one that is 
interposed in a mattress—is only an at- 
tempt to correct a structural weakness 
and inadequacy in the mattress itself. 
The Viracenic by AIRELOOM requires no 
“make-shift” additions. 

THE VITAGENIC is a mattress and box 
spring combination made according to 
the exact specifications of registered or- 
thopaedic specialists. It is an important 
—almost essential — adjunct to your plan 
of treatment for pain of backache or 
sacroiliac injury. You prescribe the 
exact degree of firmness necessary for 
your patient as well as any other fea- 
tures required for treatment or comfort. 


CURLED HAIR FOR RESILIENT FIRMNESS 

Firm body support..without undue pres- 
sure on nerve points or interference with 
circulation. 


HAND-STITCHED SAG-FREE SIDEWALLS 
Sag-free edges allow patients with back 
injuries to get in and out of bed with 
less effort and greater stability. 12% 
more usable sleeping area. 


THE VITAGENIC IS GUARANTEED 
FOR 15 YEARS 


For full details on the prescription-built 
VITAGENIC, contact: 


BEDDING COMPANY 


1119 Westminster Ave., Alhambra, Calif. 


The HILL TRACTION offers more... 


Hill Traction is the only mechanical treatment 
table that provides completely automatic manipu- 
lation, stretching and rolling traction with heat 
and vibration 

For rolling traction, with the special top in motion 
each articulation is treated separately and evenly 
by Hill Traction’s semi-pneumatic  spring- 
cushioned rollers. When stretching traction is 
necessary, Hill Traction offers a complete selec- 
tion of harnesses to provide zero to 200 pounds 
pull, constant or intermittent, for any area of the 
body. And Hill Traction can be used as a multi- 
purpose treatment table. 


Write today for com plete information. 


) HILL LABORATORIES Co. 


MALVERN, PENNSYLVANIA 


created by King Karpen—established 1951 


Robinson Portable 
Neck Traction Unit 


To be used under the mattress 
of a single or twin bed. 


Light . Strong 
Angle of elevation and 
angle of traction both 
easily adjusted. 

For details and price 
please write 

C. J. ROBINSON 

West Swanzey, 


New Hampshire. 
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LOTTES NAILS and INSTRUMENTS 


LOTTES FEMORAL NAILS are manufactured with diameters of ¥%, 7%, and 2 inches 
—with lengths in Y2 inch variations from 14 to 20 inches. 


LOTTES TIBIAL 


NAILS are made in 
He and ¥% inch diam- 
eters—in lengths 
from 9 to 15% 
inches, in vcriation of 
inch. 


LOTTES NAILS AND INSTRUMENTS ARE MADE OF 18-8 SMo STAINLESS STEEL 


LOTTES DRIVER-EXTRACTOR COMBINATION end 
LOTTES MALLET 


LOTTES GUIDE WIRE AND LOTTES REAMER 


The reamer comes in 3 diameters: %, 
%, and Y2 inch—all are 23 inches in 
length. 


SCHMIDT SURGICAL INSTRUMENT COMPANY 


3689 Olive Street, Saint Louis 8, Missouri 
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Grand of HCl 


in Parkinsonism — 


‘An energizing agent st 
effective as a euphoriant... counteracts sialorrhea 


Colifornia 


Now moist heat can be applied conveniently, 
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